
..,.

hFWArTR-82-2062 2
VOLUME III

S0ADVANCED ULTRA-VIOLET (UV)
AIRCRAFT FIRE DETECTION SYSTEM
VOL III- GROUND SUPPORT EQUIPMENT (GSE)

FOR SYSTEM CHECK-OUT

GENERAL DYNAMICS/FORT WORTH DIVISION

P.O. BOX 748
FORT WORTH. TEXAS 76101

AUGUST 1982

FINAL REPORT FOR PERIOD DECEMBER 1977 - OCTOBER 1981

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

\ AERO PROPULSION LABORATORY J 3
AIR FORCE WRIGHT AERONAUTICAL LABORATORIES •A,,U,

~AIR FORCE SYSTEMS COMMANDA
S`,WRIGH1-PATTERSON AFB OH 45433

2.'l !A "'AA BEST AVAILABLE COPY

83 07 12 057



NOT ICE

When Goverrm-nt drawings, specifications, or other dSta are used for any
purpose other than In connection wi~th a definitely related Governmewnt
orocurtmntn operation, the United States Goverrvnent thereby Incurs no

lI I

rpspomIbiIity nor any obIgation whatsoever; and the f act that the Gcverwentn
may have forriu~.lated, furnished, or In any way supplied the said drawings,
specifications, or other data, Ias not to be regarded by [irpIIcatIon or
otherwise as in any manner licensing the holder or any other person or
corporAtlion, or conveying any rights or permission to manufacture, use, or
sell any patented Invention that my In any way be related thereto.

This report has been reviewed by the Office of Public Affairs (ASD/PA)
ond Is reieasable to the National Technical Information Service (NTIS). At
NTIS, it will be available to the general public, Including foreign nations.

This technical report has been reviewed and is approved for publication.

rt'OYAs A. HOGAN$, Proj•Pct Engineer ROBERT G. CLODFF•ER, Chief
Fire Protect ion Branch Fire Protection Branch
Fwels and LubricatiOn Division Fuels and Lubrication Division
A/r;, Propulinn Laboratory Aero Propulsion Laboratory

FOR T!-.- CCY-iVANDER

D. SHERRILL, Cmief
!,Jrei. anrd Lubrication Division
Aer.-. Propulsirn Laboratory

If vuur address has changed, If you wish to be reuwved from our mailing
list, or if the addressee is no longer employed by your organization please
notif'y AF'WA! ofIS re, Wright-Patterson AFbe OH 454rr3, to help us m runtain a
current nmi 1ing list.

Coplo,- of this report, should not be returnedl unless retulrn Is required by

security considerations, contractual obligations, or notice on a soecific
docuw•nt.

BEST AVAILABLE COPY

K--- -~ _I_



Unclassified
StCu •riv Ct. Assz tiC tlOes Or re i PAGt 101 in DE0 o.ntot.E)

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE CON¶PLETING FORM
7 REPORT NUMSEft AF -TR-82-2062 I GOV? ACCLESION ,O. 1 REC,,PIET' CATALOG NuO1t1

Volume III
4. ,,tLE (04 s-,iit,, a. 'TYPE OF REtPoRT a PERIoD covioto

ADVANCED ULTRA-VIOLET (UiV) AIRCRAFT Final - December 1977 -

FIRE DETECTION SYSTEM October 1981
VOLUME TII-GROUND SUPPORT EQUIPMENT (GSE) FOR S. PLVORMING • ,OR. REPoRRT wu-eto

SYSTEM CHECKOUT.?. AUTi4ORt.) S'. CO-Nl~R.T O't GRANT Nuu'•ftlW.

R. J. Springer. P. H. Sheath, S. P. Robinson, F33615-77-C-2029
D. J. V. Smith

0 PERFORMING ORGANI'AION NAME AND ADDRESS 10. PROGRAM 91 EME0NT.PROJECT, TASK

General Dynamics Fort Worth Division PRoAmIS EOleent 6N3246F
P. 0. Box 748 Program Element 63246F

Project 2348 Task 01
Fort Worth, Texas 76101 Work Unit 02

IL CDNTROLLINIG OFFICE NAME AND ADDRESS 12. REPQRT OAT9

Aero Propulsion Laboratory (AFWAL/POSH) _A -ust 1982
Air Force Wright Aeronautical Laboratories ,*. MussNiLf PAGtEs

Wright-Patterson AFB, Ohio 45433 208
14r uOiTOQtmmQ AGENCY NAME AOODRESStDE Oiflerent from CeoattolIM 0the.) IS. SECURITY CLASS. (of this #*eprr)

AFPRO 
Unclassified

SCNEDULIE

It. DISTRIuJTIOw STATEMENT (f. 9100. Rep.o,)

Approved for public release; distribution unlimited

I . OmIa RI SUTION ST A114ENT (of ih. abaobtc .*,Aled $. slock 20, IV Elf l(.m¶ tfe Rpeon)

IS. SUPPLE INTARY NOTES

This report consists of 3 volumes.
Volume I - System Description and Flight Test
Volume i1 - System Hardware Design, Software Design, and Test

II. KZY WORDS (Cendinve ton #* . ide 11retea4 e nst w id I.nlily by bleoc nflmaber)

Ult€ra-Viol et
Fire Detection
Microprocessor

Engine Nacelle

1.ASST PACT (Continue an ... aoof* ait.I Assessor" .d"I #001il~y by block Ruff.bug)
ý'The objective of this program was to utilize ultra-violet (IV) radiation

technology to provide advanced means of detecting fire hazards more reliable,and
more rapidly tha,. current thermally activated continuous cable type system. Thisvolume, Volume III of three volumes, provides detail information on the Ground
Support Equipment (GSE) for automatic and manual checkout of the system.

DD O 1473 EDITION or I ,ov IS Is oSOLKTI Unclassified

SECURITY CLASlIFICATION OF' Vr406 PAGE (*%eft Data Eft"09t.l



I

FOREWORD

The work reported herein was performed in accordance with Air Force
Contract F33615-77-C-2029 under the direction of the Fire Protection Branch
(AFWAL/POSH) of the Fuels and Lubrication Division, Aero Propulsion
Laboratory, Air Force Wright Aeronautical Laboratories, Wright-Patterson
Air Force Base, Ohio, under Project 2348, Task 01, Work Unit 02, with
Mr G.T. Beery and Mr T.A. Hogan, AFWAL/POSH, as Project Engineers.

This report is the result of utilizing ultra-violet (UV) radiation
technology in the development and flight testing of an advanced aircraft
•':re detection system.

The contractor was General Dynamics, Fort Worth Division, Fort Worth,
Texas. Mr. R.J. Springer, Program Manager, directed the efforts of
P.H. Lang, W.B. Kirk, B.B. Witte, D.C. Nelson, and J. Phillips. The
overall effort was under the supervision of Mr. C.E. Porcher, Manager,
Propulsion and Therniodynamnics Section. Graviner Ltd./HTL Industries,
General Dynanics subcontractor, accomplished the design, fabrication,
environmental testing and support for the flight test phase of the program.
Graviner/HTL's efforts were directed by Mr. S.P. Robinson who was supported
by P.H. Sheath and D.J.V. Smith. Sacranento Air Logistics Cormand (SM-ALC)
provided the F-Ill aircraft and support for the flight test phase of the
program. Mr B.W. Nichols, SM-ALC Engineering, coordinmted the flight
testing at McClellan Air Force Base.

This report describes the results of work conducted during the period of
15 December 1977 to 26 October i981.

This is Volunme Ill of three volumes. Volume I describes the overall work
of the program which Includes the results of the flight test phase.
Volume 11 contains a description and details of the system circuit and
software design. Volume III contains a description and details of the
Ground Support Equipment (GSE) which Is used as a fault diagnostic
maintenance tool.
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GSE Ground Support Equipment.

CCU Computer Control Unit.
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ROM Read Only Memory.
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RUNP Run Program from Location 0000.
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SUMMARY

The Ground Support Equipment (GSE) described herein is a
portable automatic manual check-out unit for the Advanced Fire
Detection System (AFDS).

It performs three basic functions. Firstly, it reads out the
stored data frum the AFDS gathered during a flight. Secondly,
it checks the operational capability of the AFDS and finally
it identifies faulty line replaceable units.

This report is divided into the following sections:

Section 1 is the Introduction.

Section 2 is a Systems Design Description and describes
functionally the Hardware and Software.

Section 3 is the Systems Method and describes the Hardware
and Software in detail.

Section 4 is the Operating Instructions.

Section 5 contains the Conclusion.

From the four major sections it can be seen that the GSE has
been designed successfully. This is not to say that the GSE
could not have been designed better.

Some circuitry duplication was necessary due to two independent
sides of the Computer Control Unit, System A.

The microprocessor card was bought ready built. The major part
of the interfacing circuitry was wire-wrapped on two dual size
eurocards for ease of modifications and there were many.

Several problems were encountered with the software. One of
the major problems was that there was no clear cut ending to
the particular test devised. Problems were also encountered
due to the lack of microprocessor equipment. Finally, so.me
problems also arose when the GSE was operated in the U.S.A.
during the CCU flight trials.

It was proposed that for production the specification of the
GSE would change, which would result in the GSE being
simplified. If the production quantity is small then the
undesired functions are removed from the GSE software and if
the production quantity is large then redesign the GSE.

ix



1.0 INTRODUCTION

In order that the Advanced Fire Detection System (AFDS) can be
checked out on a regular mainte"&nce basis, it is necessary
to provide some form of Ground Support Equipment (G.S.E.) for
test.

The AFDS has its own built-in test system but cannot identify
a single failure on System A without a G.S.E.

Furthermore, the G.S.E. enables post-flight data, stored
during flight, to be read directly from the AFDS.

The G..S.E. is a portable automatic/manual check-out unit for
the Advanced Fire Detection System. It performs three basic
functions; it reads out the stored data gathered during the
flight, it checks the operation of the system and it
identifies which line replaceable unit (LRU) is faulty.
This report is a description of the detail implementation of

the G.S.E. It is split into four major sections.

a) System Design

This section explains the functions of the G.S.E. for
the following conditions:

Ca.e 1 - When CCU is on aircraft.
Case 2 - When CCU is in laboratory.

A functional description of the G.S.E. hardware is given
supported by a simplified block diagram. The software
is discussed briefly, i.e. tne object of each test
performed on the CCU by the G.S.E. is given.

b) System Method

This secrion is split into two parts:

Hardware

The hardware is split into 17 functional parts and
discussed.

Software

The overall design is discussed followed by a detailed
description of each test.

St
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C) Operating Instructions

d) ConclusionG
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II

2.0 SYSTEM DESCRIPTION

2.1 CCU - G.S.E. Connection and Operation

Cables 1 to 4 are custom-built to connect CCU to G.S.E.

The same cables are used to test both Systems A and B.

Normally the CCU is on the Aircraft, and cables 1, 2 and
3 are used, but the CCU can be tested under laboratory
conditions, in which case cable 2 is replaced with
cable 4. The main differences between cables 2 and 4
are:

Cable 2 Cable 4

1. Is an extension for 1. Is a Lab. support cable.
the Aircraft cable
form.

2. Powers G.S.E. from 2. Powers G.S.E. from bench
Aircraft Power power supplies.
supply.

3. Connects all sensors 3. Has provision for
on Aircraft to G.S.E. connecting CWU and
input interface, one dual or single U.V.

sensor to G.S.E.

2.1.1 CCU on Aircraft

The sequence of connecting G.S.E. to CCU by cables
1 to 3 is shown in Figure 2-1. A complete set of
operating instructions both in Manual Mode and Auto
Mode is described in Appendix B.

Normally the G.S.E. is operated in Auto Manual in
which case the operator. ensures that:

a) G.S.E. IN/OUT switch is set to IN.
b) Auto/Manual key switch is set to Auto.
C) Set Power Switch to ON.
d) Press and Release "Start Button".

S5

" II 3



39 IL

uo Z
hD 2.

z

-a1-4

40 
t

w I g%)

L2

-. Bom,"



Observe print out for results of the tests being
performed. The print out will also show end of all
tests when the paper is torn off.

When Manual Mode is selected, each test can be
individually selected as long as certain rules are
observed. The rules are describcd in Appendix B.

2.1.2 CCU on Bench

Figure 2-2 shows cable connections between G.S.E. and
CCU. One of the main functions of cable 4 is to charge
up the G.S.E. battery. It has additional connectors
which enables it to be used for a bench checkout of
system units. W'ith this set-up the following tests
cannot be conducted fully:

(a) Sensor Test

Because only one head can be connected.

(b) CCU Operating in Normal Mode

Although the CCU will be running in Normal Mode
and respond to Fire and Fault Tests from the Crew
Warning Unit, it can not detect real fire since
simulated heads are connected to the CCU.

2.1.3 Ground Support Equipment

A simplified block diagram of the G.S.E. is shown in
Figure 2-3. The G.S.E. contains a microprocessor
system which controls all the interface circuitry to
perform tests on the CCU. It also prints results of
all tests on the printer.

Since the CCU (System A) consists of two microprocessor
systems, the interface circuitry of the G.S.E. is
duplicated to enable most tests to be performed in
parallel. This results in a saving of approximately
five minutes of CCU testing time. Since G.S.E. is
common to both system A and system B, sufficient
intelligence is built in to G.S.E. to recognize the
system under test and perform tests accordingly.

The interface circuitry is divided into two equal sides
which consist of:
(a) Complete control over CCU normal running and G.S.E.

running mode.

low
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(b) Sensor input.

(c) CCU voltages and timing.

(d) Sensor simulation.

(e) CCU battery support.

M) Power supply.

There are six tests performed by the G.S.E. and it may
use one or more blocks of interface circuitry to
perform each of the six tests. Five of these tests
contain several sub-tests (e.g. for system A,
'Functional Test' contains 56 sub-tests).

The six tests are:

1 - Read data from CCU.

2 - Control Unit Tests.
3 - U.V. Head (Sensor) Tests.
4 - Parametric Tests.
5 - Functional Tests.
6 - Analyze data from CCU.

The O.S.E. can be operated in either Auto or Manual
mode. In Auto mode the above tests are performed in
the same sequence as they are listed above. However,
in Manual mode the tests can be performed in any
order, and any particular test can be repeated as many
times as desired. Care should be taken to ensure
Test 1 is always completed first, otherwise CCU data
to lost. Consequently, data analysis test can not be
performed. For this reason a key switch is used to
set the G•S.E. in Auto mode when operated by non-skilled
staff.

2.2 Description of Tests

A set of batteries housed in the G.S.E. support the RAM
of CCU system A when the CCU is connected to the G.S.E.
This is necessary because the battery support for
system A is housed in system B,

2.2.1 Data Read

By putting the CCU into G.S.E. mode, the G.S.E. issues
a command to perform a CCU housed test which dumps
the RAM contents of CCU to G.S.E. This test takes
approximately 25 seconds and initially it is
performed on Side 1. If the CCU under test is
System A, then the above is repeated for Side 2.

8



2.2.2 Control Unit Test

These are a set of four tests performed by CCU on
itself but initiated by G.S.E.

The four tests are:

a) RAM - RETENTION A.

b) RAM - RETENTION B.

c) COMMON - LOGI.

d) RAM TEST AND SET.

The G.S.E. initiates these tests to be performed in
the above sequence and monitors the results. If
there is one or more failures then it is printed on
the printer.

2.2.3 U.V. - Head (Sensor) Tests

This test determines the sensitivity of the U.V.
heads. The U.V. emitters associated with each head
are fired simultaneously for 10 seconds for Side 1.
The pulses received from each head are counted and
printed. With this information one of two conclusions
can be drawn:

1) If the pulse count is less than 100 counts per
10 seconds then either the U.V. head has failed
and must be replaced, or the emitter supply has
failed.

2) If the pulse count is greater than 100 but less
than 1000 then the U.V. heads need cleaning.

If the CCU under test is system A, then the above
is repeated for Side 2.

2.2.4 Parametric Test

The object of this test is to monitor the CCU supply
i.e. 5v supply; 320v Emitter supply. Also the
15 second emitter test and Time Share (167ms) times
are monitored. The results are printed.

2.2.5 Functional Test

The object of this test is to confirm integrity of
CCU hardware to respond to Fire and Fault conditions
simulated by the G.S.E.

9



2.2.6 Data Analysis

The data received from CCU during the first test
(i.e. data read) and the data received during the
third test, i.e. U.V. Head (Sensor) tests ii
analyzed by this program and the results printed.

I
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3.0 SYSTEM METHOD

The system is described inder the sub-headings of Hardware

and Software as follows:

3.1 Hardware

A simplified block diagram of hardware is shown in
Figure 2-3. For any detailed reference to hardware
see circuit diagrams in Reference 3-1.

The hardware is divided into seventeen main blocks.

These are:

1. Microprocessor Card.

2. Printer.

3. Power Supply Side 1.

4. Power Supply Side 2.

5. Power Supply to CCU.

6. Battery support.

7. Input/Output Decode.

8. Set of Input Ports.

9. Set of Output Ports.

10. U.V. Head Simulation.

11. Head/Drive Supply Card Side 1.

12. Head/Drive Supply Card Side 2.

13. Head/Drive Control Side 1.

14. Head/Drive Control Side 2.

15. Voltages and Timing Monitoring.

16. Cableforms.

17. 25 second Timer.

Ii



3.1.1 Microprocessor Card

There were only two options available.

1) Custom built microprocessor card.

2) Buy a ready-made microprocessor card.

In both cases the processor card must be based on
the RCA 1802 central processor unit so that it is
compatible with the CCU.

To save time and money, it was decided to take Option 2.
The microprocessor card selected is GRO430 low power
single board computer supplied by "The Golden River Co.".
The main features of the microprocessor card are:

1OK PROM/ROM
2K RAM

PROM programmer on board

Total current typically 9mA.

For further details on the microprocessor card see
Appendix A-1.

3.1.2 Printer

The printer selected is a Digitec Model 6410 with
Option J, which provides 32 characters per line or
16 characters per line when selected.

The printer is manufactured by United Systems Corpn.,
U.S.A. For further details on the printer see
Appendix A-2.

3.1.3 Cableforms

References 3-2, 3-3, 3-4 and 3-5 give all the details to
manufacture cables I to 4. Installation system wiring is
given in Reference 3-6.

The Amphenol connectors were selected to match those
used on the CCU.

The Cannon connectors were selected due to easier
delivery.

The cables were selected on the basis of being able to
withstand worst operating conditions and yet produce
a flexible cable form.

24



3.1.4 Power Supply Side 1 and 2

The G.S.E. is required to perform many similar functions
to the CCU and thus employs the same power supply
circuitry as the CCU. Also reference voltages of 8V
and 5V are required to monitor the CCU voltages.

3.1.4.1 Power Supply Specification

Inputs

115V - 400 Hz - with a tolerance of +10% and -10%.
18 to 30V d.c.

Outputs

4.5V to 5.5V d.c.
310V to 340V d.c.

320V d.c. unregulated.

8V d.c. ) Reference Voltages with tolerances
5V d.c. ) of *5mV and -SmV.

3.1.4.2 Power Supply Description

A single transformer is employed to obtain the nominal
5.OV, 32UV and 320V unregulated from 115V 40OHz.

Transient protection is provided at the input of the
transformer by four transorbs and a series resistor
capacitor arrangement.

The 5V and 320V are regulated by a series transistor
method.

The 28V input is used to derive the 8V and 5V reference
voltages. The former is derived by using a LM205
regulator and the latter is derived by using a LM340T
5V regulator.

The 5 volt supply is used to drive most of the G.S.E.'s
electronics. The 320V supply drives the 16 UV
photocells via the head/drive circuitry. The 320V
unregulated supply drives the U.V. amitters associated
with the photocells. The voltage monitoring circuitry
uses 5 and 8V as its reference points. The 28v d.c.
is further used to charge up the three Nickel Cadmium
batteries that support the CCU RAM.

For Side 2, the 28v input and the 8 and 5V referencoe
voltages are common to Side 1; but a separate input
of 115v 4OOHz and uassociated electronics are required.



The flexibility of the G.S.E. is increased by
incorporating a l15V change-over arrangement for
the printer, i.e. the printer is common to both sides
and is initially supplied with 115V from Side 1 via a
relay arrangement. The relay control is arranged such

F that if the 115V of Side 1 failed, then the printer
will be supplied from Side 2.

3.1.5 Power Supply to CCU

The power supply to the CCU is routed via the G.S.E.
This is necessary for a number of reasons:

I) The aircraft cableform carrying power to CCU is
now connected to the G.S.E. This powers the G.S.E.

2) In order to avoid corrupting the flight data it is

necessary to hold the CCU in a power-off condition.

3) In order to perform certain tests it is necessary
to have a complete control over the CCU.

Figure 3-1 shows a simplified diagram of the CCU power
supply control. The power supply to the CCU is routed
via a set of relay contacts. The operation of the
relay is controlled by the microprocessor. Also the
reset line of the CCU is controlled by another relay.
The 28V is also routed via the G.S.E. but is not
controlled. This arrangement gives the G.S.E. a complete
control of the CCU.

3.1.6 Battery Support

If the CCU under test is system A then a 4 volt battery

housed in the G.S.E. is required to support the CCU RAM
when the G.S.E. is being connected to the CCU. The
reason is that the battery support for system A is
normally housed in system B. i.e. under the normal
conditions system A is battery supported by system B
via the Aircraft cableform. To make a complete CCU to
G.S.E. connection it is necessary to connect the
Aircraft cableform to the G.S.E., which results in
the loss of battery support provided by the system B and
consequently the flight data. For a correct G.S.E. to
CCU connection, see Appendix B.

When the G.S.E. connection is complete, the result is
that two sets of batteries are connected in parallel
supporting the CCU RAM. The G.S.E. battery is routed
to the CCU via a normally closed relay contact. This
gives the G.S.E. the facility to disconnect the G.S.E
battery support and test the CCU battery support sys-......
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Figure 3-2 snows a simplified diagram of the G.S.E.
battery and its condition monitoring electronics.

The condition of the G.S.E. battery is monitored by a
window detector. By pressing the TEST G.S.E. battery
switch provided on the front panel, a Green Lamp
adjacent to the G.S.E. switch illuminates if the G.S.E,
battery condition is satisfactory. The aindow detector's
limits are:

Lower Limit - 3.0V t
Upper Limit - 7.0V

3.1.7 Input/Output Decoie

The G.S.E. requires six input and five output ports.

To meet this requirement an RCA CDP 1853CD N-bit
1 of 8 decoder is employed along with 6 two input NAND
gates. One input of the NAND gates is connected to the
Memory Read Line (URD) of the microprocessor.

The input port is enabled by providing a low pulse to
its output disable pin, while the output port is
enabled by providing a low pulse on chip-select one
(CS1) and a high pulse on chip-select 2 (CS2)
simultaneously. The state of the memory read line
decides whether an input or output port is selected.

Figure 3-3 shows a simplified diagram of the I/O port
arrangement.

3.1.8 U.V. Head Simulation

The G.S.E. is required to perform a functional test
on the CCU's U.V. Head/Drive circuitry. In order to
achieve th~s requirement the U.V. heads of the CCU are
simulated. Unlike the real U.V. heads which are
ON LINE all the time that the CCU is powered on, the
simulated heads can be brought ON LINE or OFF LINE as
required.

Figure 3-4 shows a simplified diagram of the U.V.
head simulation.

Eight sets of simulated heads are individually
controlled by the microprocessor via the output ports.
For Side 2 the above circuitry is duplicated.

'6
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3.1.9 Head/Drive Control and Supply

The CCU's Head/Drive control and circuitry is duplicated
in the G.S.E. This is necessary in order to test the
U.V. heads. Figure 3-5 shows a simplified diagram of
the Head/Drive Control and supply circuit.

The control circuitry is driven by an oscillator of
250KHz. The 250KHz is divided down to give a train of
pulses of period 896 us.

The train of pulses is used to interupt the
microprocessor every 832 us during U.V. Head Test.
The circuit operates as follows:

a) The U.V. Head Test is performed on one side at atime.

b) The control circuit and the Head/Drive circuit
* are repeated eight times for each side.

c) The Heads are brought on line.

d) The U.V. emitter is enabled.

e) The U.V. Heal fires and generates a positive edge
pulse.

f) The positive edge pulse enables the control logic
which generate two separate pulses. One is of
duration of 2ms and it is used to remove the 320V
supply from the U.V. photocell; the other is of
duration lms and it is enabled on to the DATA
BUS.

g) The U.V. photocell is brought back ON LINE and the
above (section e and f) keeps occurring until the
U.V. Head and emitters are disabled.

For Side 2 sections (a) to (g) are repeated.

3.1.10 Voltage and Timing Monitoring

The following CCU voltage lines and timing pulses are
monitored by the G.S.E.

Side 1 Side 2

320V DC 320V DC
5.6V DC 5.8V DC
Emitter Supply Emitter Supply
15 second emitter test 15 second emitter test

COMMON TO BOTH SIDES.
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Check Point 1 (CH1)

Check Point 2 (CH2)

Check Point 3 (CH3)

Check Point 4 (CH4)

System Configuration

The voltages are monitored for lower and upper limit by

the use of window detectors, the outputs of which are
connected to a set of input ports. The check points
one to four lines are of 28V DC. Figure 3-6 shows
a simplified diagram of check points monitoring.

The 28V is potted down to 5.6V and connected to 5V
regulated supply via a diode. Also the 5.6V is
connected to the input ports via Schmitt inverter
buffers.

The G.S.E. uses the system configuration (5.6V) line to
determine whether it is testing system A or system B.
The system configuration line is 0 Red with 5.6V Side 2
and connected to an input port. The 0 Red arrangement
is desired because for system A the system configuration
line is HIGH and for system B it is open circuit. Further
there is no 5.6V side 2 in system B. The G.S.E.
detection of system configuration is configured such that
any one or both lines HIGH constitutes system A and if
none are HIGH then system B. This type of arrangement
was necessary due to the independent power supplies
of the CCU.

3.1.11 25 Second Timer
Figure 3-7 shows the simplified diagram of the

25 second timer.

The timer is built of a single 556 dual monostable
integrated circuit plus timing capacitors and
resistors. It is arranged such that, normally the
output is held HIGH. When the control logic triggers
the timer, a negative going pulse of duration
10 millisecond is produced. This negative going pulse
is used to reset the microprocessor program to
3tart from location 0000.

3.2 Software

3.2.1 Over View

Figure 3-8 shows a simplified flow diagram of the
G.S.E. software. The flow diagram is designed to
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perform tests on the CCU in a pre-determined sequence.
The sequence is:

a) Since most of the tests will corrupt the RAM of
the CCU, it is necessary for the G.S.E. to perform
the Read CCU test first. (i.e. Retrieve the
flight data from the CCU RAM).

b) If there is a failure in the CCU during the CCU
TESTS, SENSOR TESTS or PARAMETRIC TEST then the
FUNCTIONAL TESTS and the DATA ANALYSIS TEST shall
be aborted. Also any failure in the PARAMETRIC
TEST aborts the whole range of tests. This
leaves either the CCU TESTS or the SENSOR TESTS
to be performed after the READ CCU tests.

c) Flight Data retrieved during the READ CCU test
is useful only if there is no fault in the CCU.
The FUNCTIONAL TEST, tests out the CCU's ability
to respond to FIRE and FAULT conditions and thus
needs to be performed before the DATA ANALYSIS.

There are two other tests:

1. To determine whether or not the G.S.E. can
communicate with the CCU. This test is always
performed before tests (a) to (f).

2. To simulate the Heads and Emitter Test during
normal operation of CCU.

3. To simulate the Heads and Emitter responses to
the FIRE TEST and FAULT TEST switches when
CABLE 4 is used.

3.2.2 The Microprocessor Card Utilization

The microprocessor card is a self-contained low power
single board computer with its own utility program.
The G.S.E. program is housed in four 2K by 8 bit U.V.
PROMS (2716). The G.S.E. program is located at
0000 to 2000.

The utility program is located at 8000 to 83FF. The
microprocessor card also has 2K RAM located at 4000
to 8000.

The G.3.E. program utilizes some of the subiroutines
from the utility program (teletype input and print
subroutines) and it also uses the microprocessor cards
RAM as a rough working area, e.g. The FLIGHT DATA
retrieved is stored at this RAM.
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The microprocessor card can RUN programs in two main
modes, i.e.

1. Utility Mode.
2. Program Mode.

To RUN in Utility Mode the RUN line must be taken to
ground momentarily. This forces the microprocessor to
start RUNNING from location 8000.

To RUN in the Program Mode the RUN line must be taken
to ground momentarily. This forces the microprocessor
to RUN from location 0000.

NOTE

When the microprocessor card is in the program mode,
the program can be arranged to jump into the UTILITY
mode but the reverse is not possible.

For further details on the microprocessor card, see
Appendix A-1.

3.2.3 Note on the Start Up Condition

At POWER ON, the G.S.E. has the following conditions:

1. No power is applied to CCU.
2. CCU reset line held LOW.
3. The EF3 flag of the Central Processor Unit is

held LOW.

The G.S.E. program starts by disabling the INTERRUPT
line; sets up the various registers of the CPU;
activates the appropriate hardware to apply power to
CCU; and releases the CCU reset line. Next the
program examines the position of the G.S.E. IN/OUT
switch. If the G.S.E. IN/OUT switch is at position OUT,
then the program branches to perform the simulation
of Heads and Emitter Test. This simulation also
responds to the FIRE TEST and FAULT TEST switches when
CABLE 4 is used. If the G.S.E. IN/OUT switch is at
position IN, then the program looks for the state of the
EF3 flag. (i.e. HIGH or LOW). The state of the EF3
flag is monitored because it allows the program to
decide whether or not it has retrieved the FLIGHT DATA
SIDE 1 (Note: for System A, there are two independent
sides). This Hardware/Software arrangement of the
G.S.E. is necessary because:

1. The CCU transmits the data serially, i.e. in the
same format as a teletype.
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2. In order to receive correctly the data transmitted
by the CCU, the G.S.E. program jumps to the UTILITY
program of the microprocessor card.

3. After all the data has been received by the G.S.E,
the microprocessor card waits for further instructions
which are not forthcoming. To escape from this
UTILITY program condition, the RUNP line must be
enabled, i.e. it must be taken to ground momentarily.
This has the effect of starting the G.S.E. program
from the beginning again. Hence, before DATA SIDE 1
is retrieved, the state of the EF3 flag is changed to
HIGH. Consequently, when the program starts from the
beginning, the second time, it is forced to branch to
another part of the program. i.e. If it is System A,
then retrieve DATA SIDE 2 or if it is System B then
continue with the remaining tests. When DATA SIDE 2
has been retrieved, the program is forced to start from
the beginning again and it proceeds to perform the
remaining tests.

The remaining tests can be performed in AUTO or
MANUAL mode. However, trained personnel can perform
the tests in a different sequence when the G.S.E.
is operated in MANUAL mode.

3.2.4 Tests Description

3.2.4.1 Simulate Heads and Emitter Response Time

This routine detects the type of system under test
(e.g. System A or System B). The operation of this
routine is sychronized with the CCU, i.e. at power
ON the CCU performs an Emitter Test by firing its
emitters and looking at the response from the U.V.
heads.

NOTE

If the CCU under test is System A then the Emitter
Test is always performed on SIDE 2 first.

The architecture of this routine is:

1. It waits until the CCU's emitter line side 2 is
HIGH.

2. It fires all heads on Side 2, i.e. simulating
the Heads.

3. It waits until the CCU's emitter line side 2
is LOW.
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4. It resets the simulated Heads.

5. It waits until the CCU's emitter line side 1 is
HIGH.

6. It fires all Heads on Side 1, i.e. simulating
the Heads.

7. It waits until the CCU's emitter line Side 1
is LOW.

8. It resets the simulated Heads.

9. It branches back to the beginning.

If system B is under test then it ships all operations
regarding Side 2.

This routine is also used to test the CCU to respond
to the FIRE test initiated by depressing the FIRE TEST
switch on the Crew Warning Unit. When the FIRE TEST
switch is pressed, the CCU fires all emitters. The
routine detects this and fires all Heads simulating
all Heads until the FIRE TEST switch is released.
Consequently, the CCU resets its emitter line to LOW.
The overall result is that the CCU responds with a
FIRE CONDITION displayed on the CWU. In order to get
out of this routine; it is necessary to set the G.S.E.
IN/OUT switch to 'IN' and start the program again from
location 0000, i.e. take the RUNP line to ground
momentarily. For full details on this routine see
Appendix A-3.

3.2.4.2 To determine whether the G.S.E. can coxnunicate
with the CCU

The flow diagram is shown in Appendix A-4 and it
is referred to as a block labelled PART I in
Figure 3-8.

The object of this part of the program is as follows:

3.2.4.2.1 Initialize

"POWER ON" condition of the CCU.

HOLD CCU in Reset Mode, etc.

3.2.4.2.2 Print operating message

"I"GD/GRAVINER DFDS AUTO ROUTINE".

3.2.4.2.3 Test position of G.S.E. IN/OUT switch.
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3.2.4.2.4 If G.S.E. IN/OUT switch is at position
'OUT' then the CCU is in normal mode and the G.S.E.
program must branch to perform the "simulate Heads andEmltter response test" routine (see Section

3.2.4.1).

3.2.4.2.5 If the G.S.E. IN/OUT switch is at position
'IN' then it must proceed to test the status of the EF3
flag.

3.2.4.2.6 If the status of EF3 is LOW then branch to
Read data from CCU test otherwise proceed to determine
whether or not the G.S.E. can communicate with the CCU.

The object of this part of the program is:

a) To determine whether the CABLE FORMS (one of
three) are connected properly between CCU and
the G.S.E., i.e. the G.S.E. can communicate
with the CCU.

b) To determine and print SYSTEM CONFIGURATION,
i.e. SYSTEM A or SYSTEM B.

c) For SYSTEM A a PASS status will allow the
G.S.E. PGM to proceed to PART 2, i.e. the
communication path is confirmed. A FAILURE
status will print the following message:

"NO G.S.E. - CCU PATH.
CHECK CABLE 1 OR
1EPLACE CCU"

NOTE

During this condition, three faults are possible:

1. CCU Faulty.
2. Cableforms not connected properly.
3. Cableforms faulty.

It is recommended that in the event of the above
failure, the Cableforms be checked (pin to pin
connection). Reconnect the G.S.E. to CCU
connections and repeat the test. If the failure
condition still exists, and the cableforms were
found to be correct then, the CCU must be
assumed FAULTY. Hence the CCU must be sent to
GRAVINER LIMITED for detailed analysis.

d) For SYSTEM A, four PASS/FAIL status conditions
are possible:

1. SIDE 1 & 2 PASS.
2. SIDE 1 & 2 FAIL.
3. SIDE 1 PASS, SIDE 2 FAIL.
4. SIDE 1 FAIL, SIDE 2 PASS.
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Occurrence of Condition '1' will allow the program
to proceed to the remaining tests.

Occurrence of Condition '2' will not allow the
program to proceed to the remaining tests.

It will also print the same failure message as in
Section 3.2.4.2.6(c).

Occurrence of Condition '3 & 4' will not allow the
program to proceed to the remaining tests if the G.S.E.
is in AUTO mode, but it will allow the program to proceed
to the remaining tests if the G.S.E. is in MANUAL mode.
Also it will print the followinc messages:

SIDE 1 PASS )

SIDE 2 FAIL )

OR

SIDE 1 FAIL )
SIDE 2 PASS )

along with the failure message as in Section

3.2.4.2.6(c).

This part of the program is implemented by issuing
conditions to the CCU to perform an IDLE ROUTINE.

The IDLE ROUTINE is housed in the CCU software and
when enabled, i t sets the G.S.E. I and G.S.E. 2
lines of the CCU to HIGH.

These G.S.E. lines are monitored by the G.S.E.
program (for both sides if System A) and
consequently the above decisions are made.

For full details on this part of the program see
Appendix A-4.

3.2.4.3 Read DATA from CCU

The object of this part of the program is to retrieve
the FLIGHT DATA stored in the CCU RAM. Refer to
Figure 3-8 (the dotted path 1) of the program is
already described in Section 3.2.4.1. and 3.2.4.2.

The hardware is arranged such that the program is
forced to follow (the dotted path 2), i.e.
to retrieve DATA SIDE 1. The data is retrieved by
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issuing the appropriate command to the CCU, to
perform its 'SEND DATA OUT' routine. This is
implemented in the following order:

1. Initialize the following:

a) Memory code to LOW, i.e. store 00 at location 4000.

b) Set EF3 flag to LOW.

2. Determine the type of system under test, i.e.
System A or System B.

3. If the CCU is System A then set memory code to
HIGH and proceed to 5.

4. If the CCU is System B then proceed to 5.

5.

a) Issue commands to the CCU Side I to perform its
'Send Data Out' routine.

b) Release the reset line of the CCU.

c) Start the 25 second timer. (See note below).

d) Jump to UTILITY program of the microprocessor
card.

NOTE

As explained in Section 3.2.3., that in order to
retrieve the data, the G.S.E. program must jump to
the UTILITY program of the microprocessor card and
in order to get out of the UTILITY, the RUNP line
of the microprocessor card must be taken to ground
momentarily. This is achieved by the 25 second
timer, i.e. it takes approximately 23 seconds for
the data transfer and 2 seconds later, the timer
applies a short negative going pulse to the RUNP
line of the microprocessor card.

6. Having retrieved data SIDE 1 the program starts
from the beginning again and this time it
follows (the dotted path 3).

7. If t. - CCU is type 'B' then the.program
pro•-eds to the remaining tests.

S•
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8. If the CCU is type A then the program performs
the following:

a) Set memory code to LOW, i.e. store 00 at location
4000.

b) Shift DATA from Side 1 to locations 4500-45FP.
(see note below).

c) Issue command to the CCU's Side 2 to perform its
'Send Data Out' routine.

d) Repeat as for Side 1 above.

9. Having retrieved the data from Side 2 the
program starts from the beginning again and
follows (the dotted path 4).

NOTE

The memory code is used to enable the program to
determine:

(i) That it has retrieved data from Side 1 and

the system under test is of Tyne B and thus
proceed to the remaining tests.

(ii) That it has retrieved data from Side 1 and
the system under test is of Type A and
consequently it must retrieve data from
Side 2.

(iii) That it has retrieved data from both sides
and thus proceed to the remaining tests.

For full details on this program see Appendix A-4.

3.2.4.4 The CCU Tests

The CCU tests are a group of four tests housed in
the CCU software. They are enabled one at a time.
The tests are:

(i) RAM Retention A.

(ii) RAM Retention B.

(iii) Common Logic.
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NOTE

For System A, both sides must see a FIRE condition
before it is displayed on the CWU.

Hence, this condition is 'AND'ed in the Common Logic
of the CCU and the results displayed.

(iv) RAM Test and Set.

The object of these tests is to confirm the integrity
of the CCU RAM and the Common Logic part of the CCU.

The tests are performed in the numerical order above.

Further, if there is a future condition, 1t is
recorded at a pre-determined area of the RAM (i.e.
in this case at locations 4003 to 4013). After each
condition is tested, the PASS/FAIL record register
is incremented by one. Tests (i), (ii) and (iv) are
performed simultaneously on both sides and test (iii)
is performed on Side 1, and then on Side 2. At the
end of these tests the PASS/FAIL status is printed
in coded format, i.e. a row of zeros is printed if
all tests were correct. If there were a failure then
a 'one' will be orinted in the corresponding position.
Appendix A-5 gives a full list of messages
corresponding to the failures in the CCU.

Further details of the four tests are now given.

(i) RAM Retention A

The G.S.E. program sets up the conditions for
the CCU to perform this routine. The object
of this routine is to load hexadecimal ntimbers
in to the CCU RAM. The numbers start at '.) and
finish at FF, since the size of the CCU RAM
is 256 bytes. (FF hexadecimal - 256 memory
bytes). The numbers are located in the
incrementing manner.

When all te numbers have been loaded the CCU
raises a G.S.E. flag. The G.S.E. program waits
for four seconds to detect this flag and proceeds
to the next program.

(ii) RAM Retention B

RAM retention A & B are essentially one
program. The first one sets up a pattern of
numbers and the second checks that pattern
after the power supply to the CCU was switched
'OFF' for five seconds.



Hence the G.S.E. program disables the power
supply of the CCU for five seconds. Also tht
conditions are set to perform the RAM
Retention B. It then waits for four seconds
to detect the RAM Retention B completion flag
and then proceeds to the next program.

(iii) Common Logic

Before this test is performed, it is necessary
to confirm that the CCU is able to respond to
FIRE and FAULT conditions. This is necessary
since the Common Logic routine assumes that a
fire or fault condition will be transmitted.
Thus the G.S.E. puts the CCU in Normal mode
and simulates the U.V. Heads in firing mode.
It waits for six seconds and then checks
whether or not the CCU is in FIRE condition.
If the CCU fails to respond with a FIRE
condition then the G.S.E. aborts the Common
Logic test. Otherwise it creates a FAULT
condition by f&iling the CCU by not simulating
the U.V. Heads in firing mode during the CCU's
first emitter test. If the CCU fails to
respond with a FAULT condition, then the G.S.E.
determines whether the CCU under test is type
A or B. If it is type B then the Common Logic
test is skipped.

The G.S.E. sets up the conditions for the
Common Logic routine to be performed on one
side at a time. Side 1 is performed first.
The programs wait for results for about six
seconds and then proceed to the next routine.

(iv) RAM Test and Set

The object of this routine is to see whether
all the CCU's RAM locations are functional.
It does so by loading and checking two sets of
patterns and in the end it sets all memory
locations to zeros. Again the G.S.E. sets up
the conditions for this routine to be
executed; waits four seconds for the result
tnen proceeds to the last part of 'The CCU
Tents' program.

34



3.2.4.4.1 CCU Test Summary

The purpose of the RAM retention A and B is to
confirm the CCU's Battery support, i.e. its ability
to retain the FLIGHT DATA when the CCU is 'POWERED
OFF'. Should a failure occur then a 'CCU BATTERYLOW' message is printed as well as a 'One' in therow of zeros displaying where the failure occurred.

During the Conmnon Logic test, three possible
faults occur.

1. Inhibit Fail.
2. Fault Fail.
3. Fire Fail.

Each of these faults refer to certain parts of the
CCU hardware. A skilled person with sufficient
knowledge of CCU hardware can pinpoint the position
of the fault.

The RAM test and Set confirms the integrity of the
CCU RAM and then sets it to zero.

At the end, the PASS/FAIL codes are printed. They
are also scanned for any failure condition.

If the G.S.E. is in AUTO mode and a failure condition
exists, then a flag is set up. If the G.S.E. is in
MANUAL mode with a failure condition, no flag is
set up. This flag is used just before the
Functional Test tc determine whether or not 'The
Functional Test' and 'Analyze Data Test' should be
performed.

For full details on these tests see Appendix A-5, A-6,
and A-7.

3.2.4.5 Sensor Test

The object of this is to determine:

1. The sensitivity of the U.V. Head (i.e. the
photocell).

2. That the U.V. Head and the connecting wires are
correct and functional. This is achieved by
duplicating the U.V. Head/Drive circuitry in the
G.S.E. and by connecting the U.V. Heads to the
G.S.E., i.e. the G.S.E. has complete control over
the U.V. Head and Emitter supplies.
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This routine switches the U.V. emitters 'ON' and
counts the number of pulses received from the U.V.
photocells for a period of ten seconds. For System A
each U.V. Head consists of two photocells and two
emitters. One photocell and one emitter refer to
Side 1 of the CCU and the others to Side 2. Further,
a maximum of 8 U.V. Heads can be connected to the CCU.
However, the current CCU's are configured to use only
five U.V. Heads. This means that sufficient
intelligence must be built into the Sensor Test such
that it oniy prints the results of the U.V. Heads that
exist.

This is implemented as follows:

1. Initialize Registers, i.e. clear registers which
will hold the pulse count; set up the address of
the Interrupt subroutine.

2. Enable Interrupt, fire the Emitters Side 1 and
jump to SELF LOOP.

3. The Hardware Interrupt occurs every 832 microseconds
and the GS.E. program jumps to the Interrupt
subroutine. (See Section 3.2.4.5.1. for the
Interrupt routine),

4. The program jumps out of the Interrupt subroutine
and returns back to the SELF LOOP.

5. Procedures 3 & 4 are repeated for ten seconds
whence the program jumps to Part 2 of the Sensor
Test.

6. The emitters are switched 'OFF'.

7. A decision is made whether the counted pulses refer
to SIDE I or SIDE 2.

8. It is determined whether the firbt head exists or
not. If it exists then the counted pulses are
converted to decimal numbers and printed. This
operation is repeated for all the 8 U.V. Heads.

9. If the system under test is type A then
re-initialize the registers. Fire emitters SIDE 2;
enable the Interrupt and Jump to SELF LOOP 2.

10. Operations 3 to 8 are repeated,

11. If the G.S.E. is in AUTO mode then proceed to the
6 next test otherwise branch to the Manual Loop.
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For details on this test see Appendix A-8.

3.2.4.5.1 BCD to Decimal Conversion

The object of this subroutine is to convert the
number of pulses counted/lO seconds in Binary
Decimal Code to Decimal Numbers. It is capable of
converting a full 16 bit number, i.e. a max hex
number of magnitude FFFF. This subroutine is
implemented as follows:

1. Store the hex number to be converted in u 16
bit register (i.e. R3).

2. Clear and arbitrarily assign the decade order
to 5 RAM locations where the converted number
is to be held, as follows:

RAM location Assigned decade value

4030 Ten Thousands

4031 Thousands
4032 Hundreds

4031 Tens
4030 Units

3. Read the least significant HEX digit, i.e. the
least four bits.

4. Since 'Tae least HEX digit has a weighting of
#one'; test it for ý, - & >10. If it is less
than 10 add it to the UNIT decade, i.e.100 .
If it is equal to 10 then add one to the
TENS decade:

(i.e. 101)

If it is greater than 10 then add one to the
TENS decade, subtract 10 from the tested value
and add the remainder to the UNIT decade.

5. Read the second least HEX digit. This has a

decimal weighting of 16.

6. Test it for zero.

6.1 If equal to zero then do Step 7.

6.2 If greater than zero then add 1 to the TENS
decade and 6 to the unit decade.
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6.2.1 Test both Unit and Tens decade for overflow
i.e. Test Unit Decade for - or - 10. If it
is equal to 10 then subtract 10 from the unit
decade and add 1 to the Tens decade. If it
is greater than 10 then subtract 10 from the
Unit decade and add 1 to the Tens decade.
Having tested the Unit decade, test the Tens
decade applying the same analogy.

6.3 Decrement the read value and test it for zero.

6.4 Repeat Steps 6.1 to 6.4.

7. Read the third least HEX digit. This has a
decimal weighting of 254.

8. Test it for zero.

8.1 If equal to zero then do Step 9.

8.2 If greater than zero then add 2 to the
Hundreds decade; 5 to the Tens decade and 6 to
the Unit decade.

8.2.1 Test the Units, Tens, Hundreds and Thousands

decade for overflow. Same analogy as in
Para. 6.2.1. is applied.

8.3 Decrement the read value.

8.4 Repeat Steps 7 to 8.4.

9. Read the most significant HEX digit. This has
a decimal weighLing of 4096.

10. Test it for zero.

10.1 If equal to zero then do Step 11.

10.2 If greater than zero then add 4 to the
Thousands decade, 9 to the Tens decade and 6 to
the Units decade.

10.2.1 Test the Units, Tens, Hundreds, Thousands and
Ten Thousands decade for overflow.

10.3 Decrement the read value.

10.4 Repeat Steps 9 to 10.4.

11. Print the converted numbtr.

Subroutines are written for the Units, Tens,
Hundreds and Thousands decade overflow tests.



Figure 3-9 shows a flow diagram for the BCD
subroutine. AppendixA-7 gives assembly listing as
part of the Sensor test. This subroutine is also
used by the Data Analysis Test.

3.2.4.5.2 The Interrupt Subroutine

The object of this routine is to count the number
of pulses for 8 photocells in parallel for a period
of 10 seconds. Further it must be able to
distinguish that for a particular photocell; for
the occurrence of two consecutive pulses only one is
stored, i.e.:

Pulses arrived 101110 ) Photocell 1

Pulses stored 101010 )

The above process is repeated for all 8 photocells.
If the ten seconds are not up then, the exit from
this routine is to either SELF LOOP I or SELF LOOP 2
otherwise the exit is to part 2 of the Sensor
Test.

This routine is implemented as follows:

1. Initialize.

2. Read all 8 photocells (i.e. Have any one or
all of them fired).

3. Determine if a pulse occurred immediately
before the current read cycle and apply the
above logic two consecutive pulses.

4. If a valid pulse exists for any of the
8 photocells then increment the corresponding
photocell pulse counter.

5. If 10 seconds are up then branch to PART 2 of
the Sensor Test otherwise branch to either
SELF LOOP I or SELF LOOP 2.

For full details on this routine see Appendix A-$.

3.2.4.6 Parametric Test

The object of this test is to confirm that the
integrity of the CCU's power supply rails, i.e. 320V,
5.6V and the emitter supply. Further it confirms
the 15 second emitter test.
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The power supply monitoring is implemented by a set
of window comparators. When the supply rails of
the CCU go below or above their predetermined values
(See Section 3.1.4) then a flag is raised. The
Parametric Test detects this flag and prints the
appropriate message. See Appendix A-5 for a whole listof messages.

As always, sufficient intelligence is built into this
test so that both types of CCU's can be tested
efficiently. If any failure is encountered during
the power supply monitoring and if the G.S.E. is in
AUTO mode then the remaining tests are aborted.
However, if the G.S.E. is in the MANUAL mode then this
test branches to the MANUAL loop.

The second part of this test is to confirm the
integrity of the 15 second emitter test. The CCU
energizes its emitters for one Time share period every
15 seconds and it looks for positive response from
the U.V. Heads. If there is no response then the CCU
reconfigures such that the offending U.V. Head is
switched off line. If sufficient nwnber of U.V. Heads
fail then the CCU issues a FAULT condition.

The emitter test puts the CCU in Normal mode and
observes for the emitter line to go HIGH. If it
does not go HIGH within six seconds, then it issues
an error message (See sample print out) otherwise
it observes the Emitter Line tt- go LOW. If the
Emitter Line does not go LOW within 180 ms then an
error message is printed, otherwise it observes that
the Emitter Line does not go HIGH for the next
14 seconds. At this stage it starts to observe the
Emitter Line to go HIGH. If it does not go high
within one second then an error message is printed.

This is repeated for Side 2 if applicable.

If the G.S.E. is in AUTO mode then occurrence of any
failure aborts the remaining tests. If in MANUAL
mode then branch to the Manual Loop. Below is a
full list of error messages for the Parametric Test.

1. 5.6V SIDE 1 FAILED. 7. EMITTER FAILURE 03.
2. 5.6V SIDE 2 FAILED. 8. EMITTER FAILURE 04.
2. 320V SIDE 1 FAILED. 9. EMITTER FAILURE 05.
4. 320V SIDE 2 FAILED. 10. EMITTER FAILURE 06.
5. EMITTER FAILURE 01. 11. EMITTER FAILURE 07.
6. EMITTER FAILURE 02. 12. EMITTER FAILURE 08.
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NOTE

Emitter failure codes 01, 02, 03 and 04 apply to
SIDE 2 and 05, 06, 07 and 08 apply to SIDE 1.
Further points marked 01 to 05 correspond to the type
of Emitter Failure for SIDE 2. For SIDE 1 the points
would go from 05 to 08. For full details on this
routine see Appendix A-5 and A-9.

3.2.4.7 Functional Test

This test confirms the integrity of the CCU Head Drive/
Supply circuitry. It is achieved by putting the CCU
in normal mode and simulating the U.V. Heads in a
predetermined sequence and observing the FIRE/FAULT
response of the CCU. E.g. simulate a FIRE condition.
If the CCU responds with a FIRE signal then the Head
Drive/Supply circuitry corresponding to the
simulated heads is functional. The.Functional Test
is divided into seven major tests. These tests are
implemented in the following manner.

Initially the CCU RAH is cleared by performing the
RAM Test and set routine. See Section 3.2.4.4. Put
the CCU in Normal Mode and simulate the U.V. Heads
during the CCU Emitter Test. If the CCU fails after
the first Emitter Test then store a failure code (01)
at location 4050 and increment the failure code
Register, i.e. 4051.

NOTE

Locations 4050 to 4089 are used to store the PASS/FAIL
status of the SUB-TESTS during the Functional Test.
At the end of the Functional Test the PASS/FAIL
statuses are printed (see sample print outs in Appendix B,
Chapter 5). These codes are issued with the code
decode list of messages to determine which part of
the CCU's Head Drive/Supply circuit is faulty.

Let the CCU run for another five Time share periods
and observe if a FIRE condition is generated. If a
FIRE condition is generated then store a failure
code at location 4051 and increment the failure code
register, i.e. 4052. (Both sides of the CCU share
the time to observe FIRE/FAULT condition, i.e. each
one observes for 167 milliseconds in turn).
See Figure 3-10.
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The above is a set of initial tests. The following
are a further set of seven tests. If the CCU under
test is of type A then all seven tests are performed
and if the CCU is of type B then tests four, five
and seven are performed. The method of storing
PASS/FAIL status is the same as for the initial tests.

Test I

(a) Fire all Heads on SIDE 1 (i.e. simulate Heads).

(b) Hold Heads in standby mode on SIDE 2.

(c) Wait for 6 Time Share periods and then observe
a FIRE cundition.

(d) If a FIRE condition exists then there is a
permanent fault in the Head Drive/Supply (or
logii) circuitry on SIDE 2. If no FIRE
condition exists then branch to Test 2.

Test 2

Repeat Test 1 except change all references of
SIDE 1 to SIDE 2 and vice-versa.

Test 3

(a) Fire all Heads on SIDE 1 (i.e. simulate heads).

(b) Fire Head one on SIDE 2.

(c) Wait for six Time Sharc periods and observe
for a FIRE condition.

(d) If FIRE condition exists ihen the Head 1
Drive/Supply and Logic circuitry is
functional otherwise it is faulty.

(e) Reset Head on SIDE 2.

(f) Wait for six Time Share periods and observe
for NO FIRE condition.

(g) If FIRE condition exists then the Head 1
Drive/Supply aud logic circuitry is faulty
otherwise it is functional.

(h) Repeat Steps (b) to (g) for remaining seven
Heads.

4I
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9 Test 4

Repeat Test 3 except change all references of
SIDE 1 to SIDE 2 and vice-versa.

Test 5

If tests one to four are successful then all Head
Drive/Supply and logic circuitry is functional.
The remaining tests (i.e. 5, 6 and 7) are concerned
with confirming the CCU's ability to respond to the
adjacency sets.

NOTE

In order to reduce the probability of a false
warning given by the CCU, the U.V. Heads are
arranged in a set of pairs to look for FIRE in a
predetermined area. This pairing of U.V. Heads
is termed as the Adjacency Sets. For further
details on adjacency sets see Appendix A-i,
Volunne II.

Adjacency sets are as follows:

The suffix refers to SIDE 1 or SIDE 2, i.e. Head 11
- Head 1, Side 1.

1. Head 11; Head 22

2. Head 21; Head 32

3. Head 21; Head 12

4. Head 31; Head 22

5. Head 41; Head 82

6. Head 81; Head 42

Hence for test five:

(a) Fire Head lI and Head 22 (i.e. simulate Heads).

(b) Wait for six Time Shares and observe for a FIRE
condition.

(c) If FIRE condition exists then the particular
adjacency set response is corret, otherwise
faulty CCU. NOTE: This time is not the Head
drive/supply circuitry at fault. It could be
the Logic card or the software at fault.
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(d) Reset Heads I and 22.
(e) Wait for six Time Share periods and observe

for the FIRE condition to reset.

(f) If FIRE condition exists then the CCU can not
respond to the particular adjacency set
correctly otherwise it's functional.

(g) Repeat the steps (a) to (f) for the remaining
adjacency sets.

Test 6

In this test illegal adjacency sets are enabled to
confirm that the CCU shall not respond with a
FIRE condition unless the correct set of Heads see
the FIRE. The illegal adjacency sets are:

1. Head 11; Head 32

2. Head 41; Head 22

Hence:

(a) Fire Heads 1 1and 32 (i.e. simulate Heads).
(b) Wait for six Time Shares and observe for a

FIRE condition.

(c) If FIRE condition exists then the CCU is
faulty otherwise it is functional.

(d) Reset Heads 1 and 32.

(e) Wait for six Time Shares and observe for
FIRE condition.

(f) If FIRE condition exists then the CCU is
faulty otherwise it is functional.

(g) Repeat steps (a) to (f) for the remaining
adjacency sets.

Test 7

The object of Test 7 is to disable some Heads such
that the CCU fails after it has performed its
first emitter Test.
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Sets of Heads to be disabled are:

.1. Heads 11. 21 and Heads I2, 22.
2. Heads 21. 31 and Heads 22 32

3. Heads 41 81 and Heads 42 a

(a) Reset CCU RAM to zero.

(b) Fire all heads except Heads 1I, 21. 11 and
22 (i.e. simulate heads).

(c) Wait six seconds and observe for a FAULT
condition.

(d) If a FAULT condition exists then the CCU is
functional otherwise it is faulty.

(e) Repeat steps (a) to (d) for the remaining
sets of Heads.

When the G.S.E. has gone through the above tests
it prints out the PASS/FAIL statuses. During
test one to seven, if any failure is encountered
then the Functional Test is aborted immediately
and the PASS/FAIL status printed, i.e. 56 zeros
will be printed except for a single "l" which
corresponds to the position of the program at
which the CCU failed.

e.g. 00000000001000 ....... ) a total of 56 digits
00000 )

The above print out is used with the PASS/FAIL
messages to determine which part of the CCU is
faulty, i.e. the zeros are read as 1 to 56
startitng from the beginning of the top line. The
messages are listed from 1 to 56. In the above
example the program failed during Test 3 while
testing for Fire response when all Heads fired
on Side 1 and Head 4 fired on Side 2. This
statement is directly the result of determining
where the "1" appeared, i.e. l1th place and then
reading decode message 11 (see AppendixA-5).

The last action carried out by this program is to
reset the CCU RAM to zero and proceed to 'AnalyzeData' test if the G.S.E. is in AUTO mode otherwise
branch to Manual Loop.

For a full list of Failure messages see Appendix A-5.
For full details on Functional Test see Appendix A-1O.
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3.2.4.8 Data Analysis Program

3.2.4.8.1 Summary

The purpose of the program is to analyze the data
stored in the control unit as a result of a flight.
This data breaks inic, two types, namely data that
is analyzed and presý, ed as information and data
that is used to det ::'ne the status of the control
unit. It is used to .nform the operator of a course
of action to take.

The program also accesses counts from the
10 second U.V. read test program for the analysis.

The philosophy used is that whenever one fault in
the data is encountered, an action is indicated by
utilizing the printer and the analysis is aborted.
This is so because software to cope with multiple
failures would be prohibitively long due to the
many combinations involved.

3.2.4.8.2 Control Unit Data

Data included in the control unit is as follows,
and it is summarized on the memory map Figure 3-11.

Ref. (a) A time marker which is stored when the
pilot pushes the fire test button and is
used as an event reference, such that
the point in the flight where an event
occurred can be determined, since the
pilot would record in his flight log
the time that the button was pressed.

Ref. (b) Which heads in the system are on line and
which are faulty, along with a time
marker denoting when the last head
failed.

Ref. (c), The status of adjacency sets (which is
directly related to (b) according to
the configuration hard wired into the
system) and the time that an adjacency
set has failed.

Ref. (d) An indent, which indicated whether data
bas been stored by the system.
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Ref. (e) A counter which is incremented on every
occasion that the system recognizes that
a head has caused a 'gate' to be filled
(W count).

Ref. (f) Memory locations which store data
indicating how near the system gets to a
fire condition. These are constitued by
levels 2 - 5 for a System A or levels 2
and 3 for System B. First level fire
indication is indicated by (e) above. A
single fire level indication consists of
the latest time that this event occurred,
thb head or heads recording the "fire
nearness" level and an accumulator
storing the number of times that this
level has been observed.

Ret. (g) An indication of which area indicates a
fire when a first test event occurs.

Ref. (h) The time when the first fire starts to
be observed by the system.

Ref. (J) An Indication of which area indicates a
subsequent fire event.

Ref. (k) The time when the first or subsequent
fire extinguishes.

Ref. (1) The number of tires logged by the control
unit.

Ref. (m) An error code and time marker recording
a processor self shut down.

3.2.4.8.3 Program Operation

The following figures aloni with the program
listings of Appendix A-11 describe the operation
of the program.

Figure 3-12 lists the RAM memory of the
G.S.E. computer board that it utilized by the data
analysis program.
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The program utilizes subroutines available in the
GRUTIL software package, namely subroutine handling
techniques, message printing and next to ASCII
conversion routines. It also uses subroutines
developed for the data analysis program.

Since many print outs require variables, the data is
printed from a scratch pad area. When required
during the program the scratch pad is wiped clean,
which entails loading the pad with ASCII clear
characters terminated with a character that the printer
recognizes as returning the print size to small.

The data analysis program starts by performing
various checks to determine whether data has been
saved or whether the memory locations have been
corrupted.

The check at PNT. 5 of Data Main Program 1 is a
check carried out to determine whether hardware
failures have occurred in the control units circuitry
associated with the fire and fault switches. If this
route fails to cbeck out, the effect could appear in
one of two areas, namely the circuit or the CCU and
its associated circuit. The print'out enables an
appropriate decision to be made.

A check on system status is made, checking whether
failures have occurred in flight, and checking print
out failure mechanisms and times.

Adjacency set failures and head failures are looked
for and if found, area of failures are printed along
with the action required to rectify the problem.

Head pulse data (gathered during the 10 second head
test program) is checked to determine whether

emitter lines to all heads of one side are functional.
This is done by observing that at least one head
present for the given configuration has responded
with a count of at least 128 pulses during the head
test sequence. Failure to respond to this requirement
is taken as an indication of failure of the emitter
line and an action is piinted.

Next to be analyzed is determined by the events that
took place during the last flight. If a fire or
fires have occurred, fire data is analyzed. If no
fires are recorded, then the fire level data and
background count is analyzed.
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In the case of a fire, the number of fires is printed
along with the area in which the first fire occurred
and its start time relative to the time that the
pilot depresses the CWU fire test button. The time
at which the first (or subsequent) fire extinguishes
along with the area in which the fire was last
observed, is also computed and fed to the printer.
All times are converted from increments representing
head test periods, (14.8 seconds), to an approximate
minute indication by dividing the computed results
by 4 using the R4SHR routine. All times printed are
first treated to blank out leading zeros to make
reading easier.

If no fires occur, the program path analyzes
background (W) counts and fire level (or nearness to
fire) data.

This data is listed ýn tabular form with column
headings of LEVEL., COUNT, TIME and HEAD.

The programn accesses the appropriate level count,
converts this into a BCD number, then to an ASCII
format suitable for transmission to the printer. It
also blanks off leading zeros. The result is then
stored in the appropriate scratch pad locations, such
that when the pad is written to the printer it
appears in the appropriate column.

For second level up to fifth level data, the time of
the event is also processed relative to the time that
the pilot's fire test button is depressed. BCD
conversion, zero blanking and conversion to ASCII
format is again utilized along with program which
allows the push button time polarity to be displayed.
i.e. if the event occurs before the pilot depresses
the CCU fire test button, then the event time is
printed as a negative time. The head column displays
heads which have been responsible for the fire event
levels.

At the completion of either background analysis, or
the fire analysis program, according to whether the
unit is running in manual or automatic mode, the
program operation will return to the manual loop
until control is recovered by depressing the G.SE.
start button.
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4.0 OPERATING INSTRUCTIONS

The operating instructions are shown in Appendix B.

NOTE

Appendix B is a copy of the G.S.E. operating macual.
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5.0 CONCLUSIONS

As supported by the preceding sections and the
appendices the G.S.E. design has been successful.

The hardware for the G.S.E. is shown to be
duplicated sections of the CCU, such that any
simulation carried out by the G.S.E. is identical
to that of the CCU. The major part of the G.S.E.
electronics was built on two dual size eurocards
which were wire wrapped because of the very short
time scaleL. required to complete the G.S.E. design.
The PCB's were designed such that it did not impose
severe restrictions on modifications that would
normally be expected during the design.

It was apparent during manufacture that the particular
connectors used had long lead times from the
suppliers and should be noted for the future.

The general design of the software presented a
problem regarding data retrieval from the CCU.

Because of the data transmission speed, the
microprocessor had to use a utility program which
gave rise to problems on start up, whereby the
G.S.E. had to remember that data had been retrieved
from sides A and B, otherwise the data was lost.

The first system was manufactured and pressed into
service on the flight trials. It became apparent
that minor design problems existed with the unit.
The hardware and software problems were analyzed aiid
solved.
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APPENDIX A-1

This Appendix gives functional details on the Golden River GR0430 low "Ner single board

Details down to circuit level can be abtained forum

Golden River Company Limited,
Telford Road,
Maester,

Oxfordshlre OX6 OUL
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APPENDIX A-1

1. To operate the Golden River's GR0430 Low Power Microcomputer,
the following minimnum conditions should be established.

(a) Zero volt power line to Pin 1 of Edge Connector (E.C)

(b) 8.0 volt to 12.0 volt power line to Pin 3 of E.C.
W) -Zero volt RS232 (Pin 7 of 25 pin "D") to pin 56 of E.C.

(d) RS232 data from terminal (Pin 2 of 25 pin "D") to pin 58 of E.C.

(a) RS232 doia to terminal (Pin 3 of 25 pin "D") to pin 59 of E.C.

(f) One side of normally open 3witof p to pin 56 of E.C.

(g) The Other side of switch to pin 57 of E.C.

I
2. Check terminal setting& as follows:

(a) 30 chors per sec (300 Wuad)

(b) Even parity

(c) 1 stop bit

If on alternative data rote is require under 21a), refer to drawings for link
selection.

3. Connect terminal and power supply. Operate and release switch.

The terminal should now print:

"GRUTIL VERS X. XV

If that happens, refer now to GRUTIL documentation.

4. Your terminal may require some or all of the following conditions:

(a) Pin 5 of "D" Connector to +5V (Pin 2 of E.C.)

(b) Pin 6 of "D" Connector to +5V (Pin 2 of E.C.)

(c) Pin 8 of "D" Connector to +5V (Pin 2 of E.C.)

(d) Pin 20 of "0" Connector to 4+V (Pin 2 of E.C.)
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APPENDIX A-1

I. The software is as per description for Ver 2.2 except for the following
deletions: -

@M Command no longer available

2. All subroutine addresses listed are still valid.

3. Version 4 will run In any hardware with the following requirements:

(a) I/0 Port at Unit 6, EF 1, EF2 z.- ready lines

(b) Program location "&000 ?82EF

| (c) Program must be entered wlih X-P-O

(d) Inte"upts are disabled by Grunl upon entry.

I (e) Minimum 430 bytes RAM must be available samewher in system.
Grutil will select upper mast30 bytes In Memory Map, out of
valid functional mmory.

4. Version 4 takes a little longer to start because of RAM locating routine.

5. New command avaliable&

?R Dump all CPU register values at the time of entry to GRUTIL,
except RO and RI. Addresses are given showing the position of
the RAM that GRUTIL has located for storage of these values.

6. The bug which prevented program loading at 10clps has been corrected.

I'
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APPENDIX A-1

I. Placean erased 2716 or 2758 Prom Into pottlon 0 (nearest the UART)
Swith the mo orientation as GRUTIL PROM (of other enod of raw)

2. Check that the PROM is 'clew' by doing a CRC check, which should give
FFFF, e.g.

MO~ 400 (2758 Prom)
*MO 800 (2716 Prom)

3. Load the data to be progrmnre into the PROM into RAM
(Locations*400 0 - "W7F) and parform a CRC check an RAM.

4. Apply 25.5 Voalt + 0.5 Volts to the test point connectot, TM.

Rtart system with RUN-U (connect pin 57 of edge connector to ground)

5. Use copy conwWnd to copy RAM data into PROM e.g.

*M4000 0 400 (2758) (,wtill tuke.60 seconds to complete)
*M4W00 0 800 (2716) (will toke=20 seconds to complete)

6. Remove 25V connection.

7. Restart system with RUN-U (Connect pin 57 of edge connector to ground).

8. Perform CRC of Prom to check conten" ;, e.g. MO 800 for 2716.

r
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TWIYWASI. or fate yDU. at up to 940 chwaeCiatsl par bring the total cornoont count tot 6 terns. The
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This Appsndbi gives full details an the printdTb5GLT3fb&$OO series.
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WELCO?,aE
Welcome - from United Systems Corporation. Thank you for choosing thec DigiTec
6400 Scries alphanumeric printer. Your continued satisfaction with DigiTec products
Is Important to us: so this manual has been oreparedJ to promote a clear under-
standing of the instrument, its capabilitIris ano its proper use. Please follow these in-
structions to ensure optimum performance from, and your continued satisfaction
with, your 6400 Series printer.

UNPACKING AND INSPECTION

Examine the shipping carton and the printeir for any evidence of damage to tnerinstrument. It
there is any inldicationl of damage. file a compiaint imrediately with the carrier.

Sevo the Shipping carton and packing materials for fuature storing or shopping of the instru-
mrient.

Should there be no sign of damage. proceedl with the instructions in this m~anual Read the

Shock Hazard warning on the inside of the iront cover to avoid injury dJuP LO eiec'ri'e:.. shock.

If the instrument must te returned. contact the factory for prior approval. Give a fuil expiana-
tion of the reason and, it a maituniCt.0A IS involved. the mode of operat~on in wrocn it occurrod.
Upon receipt of approval. Ship inl tho original cartonl (or ctrierwise sufficiently packageO to
pre"en damage in shipment) PIREPAiD to your nearest aulnorizac service center-

CONTENTS
Section I

.1 Gosierdl Description . . . . .... . . .. ... . . . . . .. . . ... . .

.2 Features .. . . . . . . . . .. . . .. .. . . .. . . . . . . 3

.3 Options ...........................

.4 Tochnic3t Assistance .. . . .. .. . . . . .. . .

.5 Specifications . . - . . . . . . . . .I. . . . . . . . . . . . . .I. . .

Section 2
PANR[L FUNCTIONI ....... ... ......... . .... ........ 5

Section 3
STARTUP ............................................ 6
.1 Powar......................... ...
.2 Paper Loading . .. . . . . ... . .. .. 7

MOOEL 6410 INlTERFACING eto

.1 Iinput Connections .. 8......

.2 Interface Selection .. . ... . . . . . . . . . . . 1`1
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1. INTRODUCTION
1.2 Features

1.1 enerl DecripionThe"e outstanding features highlight the DigiTec 6400 Series
The Doigiec S.&00 Series aipnlanumerieC Printers ate Small, printers-
desk-top printers that orint tirst-lino-ti0 like & person normal. SrilRS2*Cadsoae20mCuen 09or8i.
ly reads. They combine the b,;ineitas of mnicropfocessor paSrialle buIS- C and slerf2acecren op)o 8bl
technology with United Systoms' experience as a loading patsratlelbs Onef ¶0o 30bu sra, r30
manufacturer of digital printers. a Oa&rfaters/Sof pa0ralle adseilotl3500

Model 6410 interfaces to your system through a serial format 0 21 criaractersiline standard
and Model 6420 has an 8-0:1. pa.rallel bus intcftace. Both 32 charactersiline optional
models brinm 64 different leltrirs. numo~era and sym0olS In a a Iflout buffer for one line
Sg 517 % afrix controlled by. tho stan'.aro ASCII code. The a Oat matrix, electric printing
*elelt ;itve printing technique provitles quiet, reliable is Bold-face characters for spacial emphasis
Oper" And a Migh-contrast printout that is easy to read.

The 6.400 Series designer-stylod cases trait* an attractive ad. 1.3 Options
dition to any system. in addition, special colors and your own Option **J*. Option "J provides 32 charactera/llne capacity in
identification are available in OEM quantities. place of the standard 21 columns.

1.4 Technical Assistance
United Systems Corporation offers assistance, of necessary, concerning special applications and custom-designed
in solving application problems. We also encourage inquiries systems.

1.5 Specifications

GIEERAL SPICIFICATIONS

BUCT111CAS, PHYSICAL.

fto zl" RO23- iark I0 .C1 0VIo0vooe"CVuit Uekie fiinttiead 3 eniii*OnfindstW
50"sC loic0. v o )ia lv Styiws 500.000 ii'es 20criataciar,seacui

Inputs/i 20 mnA Markhea 10, .Cfrpf NA 7 dot mtri~ia 1141*C 'iialSive type

o Lpus eepoa so"*. 19C i 0gCO~ csgOFF (open Gucultt 04*otie ght. 2 3 rhai
LOW at P&i I-As0 pot iif0* oplifinali

Hih24ViA50 .A 11044a0

Aedsl Sirobe Paper fteckwaegroj.i. 1004 la po'pa 5000 hes)
4436 Dateinowle Low .02VMh,Ri.SV0M~m. e10xA
Imputal an~d last H4.gt 3 0 v e-. i5 av on". et.a loorai OLMO .Sir. a .076.in a 637S i.
outputs tinpui

Weteit~ 3 51to
Toot Input fgr..Siicw CA~aav ~nf O2~

laselattad 20 mnA Otclyrop
cureain Loop _______________________

* Inputl 0~i "adl$ amiefind

V 230 ~V3C 64, 15 VA 5O-400 Ht

I 09411ingAMPbtOhi 0't1 50yC 175
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2. PANEL FUNCTIONS

-7I
FRONT PANEL REAR PANEL

Power ON Indicator Input Connector

SPaper Advancei thumlowleel. turn towards rear to ad- Power Cord (11512.0Vacs**fctor and use orslcated

vence paper. inlsde thO cuea)

Tear Bar/Window Papeis roll on spindle

)Paper F esldr cS: hlfts stylus. relesses paper

feeder mtchanism So paper can be pullld Out Of

(j) Paper Spindle

3. STA1ITUP

This section ex{pains how to apply power to your DigiTec
6400 Sories printer ano how to Joao paper in fths prritlleadl

Your printer will then ae roady for operation

0 c0
CAUTION

"The primner should be operated ONLY witf paver

installed to prevent posIOle odamage to trine printhead. Figwu . 11i5/230 Volt Seleotion

IMPORTANT
3.1 Powersure te Oropr ratd hose sstailoo for the power
The Modal 6400 Series printer can be operated on either a ione rae th :ocr ated 115 Vac requires I 1/4 ampo 125

1IS Vac or a 230 Vac power ine. volt fuse 2-0 Vac operation requires a 1/8 amp. 250

It is normally shipped fOr 115 Vac unless specified for 230 volt fuse
Vac I 230 volt operation is needed, you must follow this
procedure.

Q Remove ifs tour screws, one in each corner. on the t
bottom of the orinter case.

Lift tihe front of the Case top and let it pivot backwards ,
tO rest On tIns tales

Tne fuse is ioc3ted in Ins lower (,gnt.flnd corner, lOok- Line

ing iorn the fronr I i vac operation requires, a 1/4 - Jumere

amp. iJ2S volt fuse 230 Vac operation requires a 1/8 JuOrl

amp. 250 volt fuse. I -

Lilt the black Power cord and noticO the zo0o.ohm-
resistor jumDcrs unuerne3tn The position of these

lumpers seiecis ei:hr 115 Vac u# 230 VaC operation ,- "F
linsutaled *ifr rnif OC used nstead of ins resistors). 76 _ -
Thil positions are as follows. 76
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3.2 PAper Loading

TI'a6414ý-;jies lphnumeic ji~ntvisFeco trio . uec irc Slot A wholo turning the Paper Ad.

papLr rntltted to piovent clamoaa w, ~no 1jinthead duting vatilL6 'ut.wards trie rear of the printer. Trio paper
Shipment. To load a roll of papair into the printer. follow this automaltically cycles through the printhead ano Out
procedure: the Slot a

CAUTION b- NOTE: rho Printor 0`oes not defect when the paper supply

The paper is electrically conductive. it should not be runs out. Red stripes on' the paper indicdto that Cho

allowed to contact tri printer~s Circuit$ when the unit 1s supyI low.
plugged in.

Paper Spindle Brackiltt
0 Turn the printer ON.

SPlace a roll of papor on the Paper Spindle. Both the ______

spindle anld a roll of paper are contained inl a plastic *
bag Shipped with the printer.

Spindle Bracket. The loose end of paper should Come

off the bottom of the roll and up towards you.

Make sure all paoier from S previou3 roll is removed f
from the printfit3d. To remove leftover paper, turn 'he*
Paper Advance dial. f~ -- ~
Pass the end of paper down into Slot A in the top of I -

thle printhead.

111 NOTE: NEVER puf now paper into the prmnthead untld ALL ;0
paper from the prevrous foil is removed.I- -

Slot A Slot a

4. MODEL 6410 INTERFACING be connected in series across the transmitter. When this is
done. you must ajo up trne total voltage drops of each printer

Your Model 6410 alphanumeric printer Provides a choice of in the Series l1.8V nominal each) to determine the voltage
two basic typos ot interfaces for data communications in the required from your transmitter to maintain a proper current
serial Character/ serial oit mode. 1) RS-232-C and 21 20 mA level of 20 mA in tne loop.
current loop. The design of your oata transmitting device -

determines which interface your printer requires. PINS

Through the framework of these two basic interfaces, opera- No,4 SININ
lion of your 6400 Series printer is cOntroilled by eleven-bit. 8 Received Line Signal Detect
serial binary words These binary words include control (logic I indicates Receiver ON)
characters coded as defined Dy tnu wiaclY-3ccePted R-3.
American Standard Code for information Interchange 7 Signal Ground R-3-
(ASCII). The Model 6410 printer accepts a single, fixed word 2 Received Data

foratI Protective Ground
We normally Snip the Model 6410 printer Set up for the RS-
232-C interface at a data rate of 110 baud But you may easily
change this setup in the fieid to satisfy your own re- 12 External Transmitter Current 20 mrA
quirements. This section contains trie information necessary source Current
to aoapt your printer s input to your specific appl-cation and 1 xenlRcie urn oreLo
to Make the proper interface connections to input connector

J4.9 Transmit Loop input

4.1 InutConetlne21 Transmit Loop Returnf
4.1Inpt onnctins10. Test Pin. Logic 0 (Ground) on

The connections to input connector J14 of y~ur 6410 printer ti i eeae nitra
are etind byTabl 1 blowtest of the printer and a

Examples that illustrate the connections for each type of in-. printed test message.
terface follow tne table Keep in mind that tino 20 mA current
lo0P moo. may be wired for either teletype or solid-state I1I Auxiliary1/0Line

* transmitters. J(specials only)
RS-232-C transmitting Should not exceed 70 feet in length. 77 Table 1. Connector J4
In 20 mA current loop applications, a niumber of printers may *For this function to operate. Ine ReceivedJ Data line must be in

the Uarkionn cmnncirinn
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Ftgc.-. 2 il~ular..t., Oortiosis of the. Pri'ter civcuIs that 8 EXAMPLE: 20 mnA current loop intertrica to type 33ASR
659=010l 'with tech pen f CIconnelctor J4. Teletype only.J

A "MaeIe 
ia"

01~AX a'JI4M.

(LOW T P ~ LOW

______________ giliATr~. . * dIla&c~ 0 IUB~niIO,,-.G.CtCfam

HIG 15 2O

t 1L
R I IV I

00

I L=

7.--J 174

taM~sumnL
L............
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0 EXAMPLE. 20 MA CurrentMI) loop.iolited input mIntrface 4.2 Intertaee Salechon
A Plug -on lunpat IS provided ont the printer's caCwit board tOiý

Tab~al Selecting eilher AS-232-C ot 20 MA Curorent loop interface.;
00 Tths gunipor location is shown in Figurie 3

41 41

I I

"$w 3.Inefae UPMtOU

The urnp polion aras follows;

FIS-232 RS-232

RS-232-C 20 mA Current oo

4.3 Input Formasts,
The Model 64 10 alpnanunieric printer has a fixedI I-oil word 0, NOTE: Print commands (ASCII OA) may not be rranSmitted
format as follows. faster than once *very 500 mas.
a One START bit
a Seven ASCII data bit* in asynchronous operation. you must supply the proper tire.
s One PARITY bit (not checketz) to ensure that the transmitted rtae Of each line of 0&0
a Two STOP bits maiainfoors a correte timing ireiatiofltip with your porinir.

4.4 Date Transmission Timing It the lime required to transimt onle line of jam is equal to at

Trie timing relat1ionshiip betweer the transmitted dale rate and greater than the time required to comipltee oneo pr in cy
Ithe ability of Your Model 641Q Printer to receive and print the In mof nou sPecninl sonstderam. ne egie otot
data is determinea Oy two tacluors. 1)the speed int bits/ggcond ,go orpitn ytm
(Maud rate) ofthen seriaiiv transittmed dala and 2) the speed II EXAMPLE At a rate of 110 baud. Onto eleven-bit dail
with which IhO printer can print oneo line 0f data. You must en. character requires 100 ms of time: so one compoiete lites l 21
sure triat the tranlsmitter coes not send data faster then tri characters allows ample, tine for one print cycle to be com-.
printer can print It. pleted. The Itransmitted stream 0f Cats may flow without in.
Your Model 6410 printer operates in the ASYNCI4RONOUS tenrupibon.
mode at eolteor of two baud rates 110 baud or 300 baud. This Ifthie time r~auir'd to transmit one line 01 date is less thAit 11%
section Contains instructionsl an how to Operate your printer tiome required brote In rinter to print one line 4500 mnsty.
in the as!.ynchronous mode and how to Select ins baud rate no.0 to give special consideration to the timing Of your Prit*ol
that suits Your application. Ing system or some Of the oats may bo lost. Th'3 34 aio de o

comnptashed by inserting the Proper numt~cr of Stop bit
4.4.1 Asynchronous Operation between Gala Characters to occupy inth lull in toranhmiss;op

f he Maximum number 0f data character% Itransmitteo 8 EXAMPLE: At a rate of 300 baud. one eleven-bit d"
between pr int corrimflds m~ust not eceeOd the number at charicter require's 37 ms of time. 11 one line of data cointair.
charactars Per lino triat the printer records. or somes of ths only ton characters 1370 insi. tns COrtICICt 1lit0 will hava ow Ie
data may tbe 105t. Theo baud rate of the toransmtllcg data and toronsionittod before the print Cycle it tin'ilih0d.
tho duration 01 A Printi Cycle determine this r eltaionship Your

6 64001 Series Printer operates it a rate of 2 tines per second.
which means that 500 mi 16 required to print one tiong 0f oats
(the pion. cycie duration). The baud rate dependli on your
transmitter.
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4.4.2 Baud Rato. Select~i' 4,$ ASCII In thu 6400 Series Printers

A plug-In jumper is proviioa on ltiie printer s ciricuw LoQrd tor Tab~e 2 definns trio orifltid ltiaract,!rs and control funlctions

selecting ihr 1bjdO 0 ludt1 rfmSSO int aarc ofduC,ýo t), t.n parto'21 ASCII col in the 6400 SorIo~S

(it@s. This jumpor loc~i;.,of s shownt ;, Figure 4 jlpmfl.Jnicr~k pfr*i.rs I re t~exauvc,n'.vl n(rlut-.ýrS give,,letn
Ine table are L ''rto h3no~e than the longer binarfy ASLII;l

I fnumbers that trio printer u~os &no are easily converted to

-- - -binary when requireu

Contiol i IothVlCar . hr C

Baud f-- . unction I lHti;. Chr.r meicitlHe) ha OIC~ 4x

JumperT 3A '4:CCA 20 0 ~30 40 P so

22L 2 32 42 A S

SOD QE I 2 3 43 S 5

N*~ 25 5 35 E£45 U 5d
a 26 6 36 F 4 r V Str

4 BOLD OF ~ 27 38 G 17 V 5
FAC 28 JJ 8 h48 X 55

ItOFF' 291 9 39 1 9 Y 59
2 - Al 3A 4A Z SA

- 20D =tI .1 .(D 4D

Flgure 4. Simud Ratit Jrympor Location J~ ~
The jumper Positions art as follows *,iA 3pn ilu nJ omn a.nvr*tj4 13

characters arie received W~trn Option -J-. 32 characters pair

110It line do not sen: a !-!) teed (OAH) after 31 cnairactC'5
Onorw.sa :no aitonatic, iine teed &no ine ore ics!

00300 transmitted will cause your printer to line feed twicii. After 21

110 baud 300 baud G11111Cna'ace W ifi 4*- I.IOM.SI~&C fin-e !eeds.

5. MODEL 6420 IN1TERFACING

Your Model 6420 alphanumeric printer p'ovzoes an e~qnt.0b.t i 7 ~g mn

piraliel interface tor Oala Coryimt.nuPcat,ols in tine serial PnPin' a~n

CI~sracterlparallel0 bet mode _____ AsigmetAs.1im

Thirough theo lramev~orf 'it this .,:terlir~e operation of your 1 14~.:,. 13, Qe

6.400~ SeratS ori'mc, is controitea by e.;qt c.c jrjur'i binary 2 STR06E iSTI 15 Bitll

words. Theý.e cinar'y wordis mrcitice c.n)rvlCric! .iciefs coavi1 4 Busy Out168t

a. rftlilldc Ely trIi-3 .. ~ty -iL Pit,-, Aae.r4 wo .~pi0  i 17 13it 3 DATA
for Infofrration interchange (ASCII)7 in GocI

This sectior conta is ntoirrmation nC1.CS5,'Y II0 Milkii I'P7 i~ni GO 18 Bili4 INPUTS

proper connections to the P01"1101 5 -nP-t 'ie j ýri tW Tf P-n Log-C 0 1 9 a,:t

ar cxi:Iana~t~if ot ýr~e A5CiI CQ~e js .1 top.r1 you( 0igilac iGr,'~ at'% I on 816

6400 Seriei printer 
Pn -eiereates an 0a6

1i- 51 oft i 21 Bit 7

5.1 Input Caflisectlons the printer and a

The :onoi'ie~onls to input conrieci-,' .J4 .1 yu..' Modello £lostea

printer are 0efirej by Taule 3 below Keep n Mind Ins:~ you11IA.arIO
can optirat, ,ow( pi nte' n c~tnr, it l-oi~tsrmis lInv101 m

asynC01ronolus or 21 tyncnionoij- 7rs ,* c jcL..I() tiSpec~iis only) __________

malls are explained in groutter aela, , . E~t~ ,

aMP105 that dilustate connections '0 yL r 01. iter ý0ilw !ho Table 3. Connector J4
table.

a Eighl-line dits input TTL 00litive true

a STA its TIL negat.ve rive llogic 01

a STA pulsq vvdth 15 S meni

a evill Out ido'.tvfc lrve ttON, 1)
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Figuto 5 lljustrotaes portionsi of thte printer circuits that N EXAMPLE I ConneSctionls for asyn~ntonous, oOtaIP311l
asSociate1( weith eacn pin ot Conne~ctor J4 9O

SIGNALPUT

S EXAMPLE ? onnections for Syr, usc,

OUT

SIGNAL

FigulwreS. Modet 6420 Intferlce

0 0 0 0oo& 0 0 0 a6

DA1A IIOPUIuS

5.2 Data Transmission Timing
You can chioosp io.tfllr asyncflrcious or syflcnronouii opera.I Lmt
lion for yorur V~I~del 6420 poni-q ev-,lem in 3synchronouS Limits_

Operation trie 1ran'.:nitiec ai'a rato is rno dirrpcty coniroiled Symbol Applcation i Min Mal
by one printer w.~ ;,r'c!.ron~cu, opc'.llr> i ne itinsmitteo didla _ i,
rate is d',re~liy coi't'ci ' 0,a to Ie p..nter Figure 6 is a timing TLA Delay time. oI H 4ous
diagram of your Moode 6420 printer Data must to vatid

frOM 5m lsIC 4ObaS
AFTER 9"? goes tow

To Cattlay lime, input to BUSY SGWS
'- a Busy titme per' Doi 200 as

T o. Busy time per line 500 ms 530 ms
TV 0ata valid twrrre 11" 20W

TPr Jy ilsew-clth lime. 51IR 15 us

i.Ai(~* _______ ______ JjWhen STROBE goes True.tothnsapn

*1) Data *oill be lalhcro into pr~nitc bi~tweon is s and 40 0,11

21 Busy will beconie valid 50 ,s later tmaii-mum).

Fi orS. niing Diagram
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6.2.1 Aaynthronw.us Operationir'~nf~La othh~u vr ,CaIt~
Yo%; can opor.atu your printing system ir. the a3yctflCa!nrous -ut o ,ý'Ce e hoMH3 hdH3

mooe it YOU ot),r'vo two basic rules: PRINI CA jPACk 20 0 30 40 P 50
k haaces 8-e. ~ ~ ble~mut etrnsite nDA'TA' I 21 1 31 A 41 0 51

A- harctrs 8-bt -- i y~eI mstbe ranmitedno22 2 32 13 42 A 62faster than 35Cof cltor.1seccand with each puts* BOf% i 2 3 3 3 S 5
Period no Ies% it.,. - joS. FACE S 24 4 34 D 44 T 54

B. Primt c, is comman.: pulses musl be no less than 500 masN % 25 5 35 E 45 U 55
clu: Atin. & 28 6 36 F 46 V 56 I

BOLO OF 27 7 37 G 47 W S7
A.2.2 Synchronous Operation FACE 1 28 8 38 H 48 x 5S
You can operate your printing system in the lull sycrnos0FF 1 29 9 39 1 49 Y 59

mdbyuigpn4tUYOT.BSOU upisynahlogic 2A " A J 4A Z SA
modbysnpnIBSYuT.OuYOT~pposloic+ 26D 35 K 461 pulse (POSITIVE logic) every time an 8-bet data word is 2C 3 I. '

received Dy the Moogl 6420. This is 3 230 ids puiss to inl- 2C < 3C L 4
terrupt the transmitter troM sonafrig any more data until the 20 30 M 40
printer is ready to receive .t A ionger (500 ins) pulse is aiso 2E 3E N 4E __

sent out trom this pin cevery tume a PRINT command is 3- -4

reC~eived by the printer. -Will also print vvitl~out an QA com~mand whenever a total at J2
characters are received. With Option **J'*. 32 Characters per5.3 ASCII In the 8400 Series Printers line. do Potl send a line teed (OAH) alter 31 Characters.

Table 4 aelernes the prinlea Characters and controi Iurcteons Otherwise, the automatic line lead a&no the one last
that are produced by the partial ASCII ..ocle thO 6400 SeridS transmitted wall cdu~e your printer to line Iced twice. Alter 31
alphanumeric pfinters. The henadecimal numbers given in characters, you may send a "SPACE" character to make 32
the table are easier to handle than the longer oi:'ary ASCII characters to get an automatic line feed.
numbers that the printer uses arnd are easily converted to TebW4. ASCilTele,
binary when required.

6. SERViCE INFORMATION

This section contains schematics, parts location pictorials -and a Parts list to assist those who are tsichnically qualified to4
use this information

82
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L~~A -- 9-' i ,'

7,n

- Ll

Z- :. . 774-7

S~OIS Moes6112

9 ,3 -!

1 ~( &494; 1.s
10 1 .1 f /--.ý.
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£LQ~2LQJE/c(."P

I2.

I~~~~~~ aihnuoicpine

A - Alumdinum=ChiCa. o

P110o Me Poly2t0

aPnnue ic MetloedPlcaboat

A - TAntluminmC Cro

RetMfe MicaUe WI Wifewoun

CI.2~~~~P . o 0wP.bY54I21S0KP........erte I jCo

CoII..........ly... . .. ......... pI, b..oI....".. rI...........G.I06-1#730 HL0 VIC £nAO tI~ee
C1.2.............. .... . 00 0V a ftov .. ...... W 102 IAS503KP I . . .crwl sio UOMS*two

C?3. . ... E. 1004 i p 1 6 . ...... ~. 6&1 2310~411413 . iv . w" r m nt4 o Wu

C11 .1.? ...... .. . 11100,1so . .. .O1 ... 64S 4210A1¶ 11ILS f . o4f ti , (. 4 L os ses

Ci ... .. T. 0).47mi. 39V ..... W 273SA474N3. $. I .. 6 *. Sd f5 J4
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* ~MAIN aOARD (confiflu")

flelvenc Desciiptlen U&C Numbef Vender

01-.9. 10 t................pol r 43000 100 PIV . ... _40.07787.01.......... .........Pairchlild. 1N4000SeOUs
06 .............. ............. Zoner diooo. 6.5 V.......40-09219-06ý .................. SChauor, SZ-6 5A

0..... ............... . .. ....... 40-09207.... ... ............. Motorola. I1N4154

F1 ...................... I..... Fuse, Vi4 A. Slow-Slow ......... .. 52-09309-02 ................... Busws. MOL/14 A
F2?........................... Fuse. thermnal ........ ........... 562-16830.096 .................. Micro Devices. 60961

Id,. 2 ......................... Voltage regulator .... ........ ... 40-16079...................... Fairchild. 78M24UC
1C3........................... Voltage regutaor .. .. ........... 40-!6501 ..................... Fairchild. 78M05C
1C4........................... Men ,nvrter..................... 40-15956 ........... .... I...... Motorola. mC 14049SCP
ICS............................. ................. .... ....... 40-17170 ...................... National Semi. ON18820AN
1C6...........................Oplo0-1solator ..... .............. 40- 14875 ....... .............. Monsanto. MCT6
IC? .......................... 8. segment display drivoir........... 40-18722.... ... ............. Motorola. MC3.491
le .......................... ~. acropeoce-W .................. 07-18750. .. ý................... Intel. P6,740811

(40-17923-02)

01-7..7.................. ..... power transistor ................. 40-15168 ...................... Motorola. MJE701
08 ..... .. ...... I............. SigrnAl transistor ..... ........... 40-11353...................... GE, 2N5 172
09.10 ............ -........... Signal transistor .......... 40.04233-05OS .................. GE, X16A565-5
011 ......................... signal transistor .... ............ 40-09952...... ................ Fairchild. 2N425O
012........................... Power transistor ................. 40-14164 ........ i.....,... Motorola. MJESOOO

Ri ..... ..................... C, S6 kf) 1/4W, S% ................ t5-IO1OIHK*C35P6 .. .... tAC. GBT.ui4
R2 ........................... C. 270 f. 1/ 4 I. 5% ............... SS-10101HA027 ........ Ce GBT.1/4
R3. 8 ..... ..... ............... C. 476,fl. 114 W. $I/...... ......... S5-101011-1K047 . ......... IRC. GBT-i/4
R4,.,12. 16. 16.................C. IkO?. 1/4 W. 5%... .............55-lOlOlIHKOOi . ........IFC. GBT-1/4
AS ............ ............... C. 150). 1/4 W, 5% ... - 55-i0101HAi!O ......... Mr.. GBT-1/4

A ............ C. 220 it. 1/4 W 5%/.... ..........S5-101011-A2,20 ......... tRC 087.1/4
R7............................ C. 4.7 kfl. 114 W. 5%. r.... ........... SS-10101lIN004R7 .. ..... IRC. GBT-1/4
RIO. 14........................ C. 33 10. 1 /4 W, S%*.............. 56-1010tl-IK033 .......... IRC. Gar.1/4
A 1. 17-23 ... ..... I.............C. 10 kI!. 1/4 W. 5%,e............... 55.IOIO1HK01"0 .......... IRC, GBT.1/A
A13........................... C. 22 hO. 1/4 W.5%..............S. 5-OIOIMK(022......... IRC.CBT-1/4

Si............................ Swilicn. Iltummialea rocker ......... 43-18724 ...................... CA KCK5101

TI ............................ Tiareaslirmer, power .............. 42-176S8........ .............. USC

YI ............. ............. Crsal. 2.6 MIU.................. 40,17929 .......... I........... Valtec. VUG.1C Is

MISCI[LLAUROUS

Referencee DeeWIPtill USC Humber Vensder
Paper .... ... .. ... . '19-17210 . . usC
Paper Spindle .. ... ................ ..... 22-17971. ... usC
Connector. 25-pin male ....................... 51.09174.01..... ........ ..... Canon. 0B-25P
Power Cora..... .. ................ I.... 53-1&733....................... Belden. I 7226
PfrAnlead .. ... ... .......... I.........147-18726 .... ......... ...... Panhonic.EUY.1OE0I2LU
CBSe. "op ... .. ... . . . .. I . . ... I . ... 30-1570 .......... ............. USC
Case. gottom ... 30.18706 .. ...... USC
Jumpers. weo.)hm .. .. . . . . .. .. . . . . ..... ... 50-078 7.. .. . .Erie. 333
Jumpers. plug-in ... . .-........ .....51.18194 Serg. 65474-002
J3 .... . Printhead connector . .51.18731-15 Cincn. 252.15.30 240
Lamp for power sw~tcn .. .. I... ........ 52-09346 ... .Wagner 6l0C... 336
J4 .... . . .. ..... 25-pan femaile connector .... 51.09174.02 . Canon. 0825S

MODEL 6420
All other ptrts are the same as on the Model 64 1O printer

MAIN BOARD

Complete Assembly .. ..... .... .... r.... 06-18730-02 . ..... USC

No ell

No 07

Ice Microprocessor .. O... . 7-18869 ... . .Intel. P8745-S
140.17?923-02?

No It2 5 8
Ail C. A? hi 1J4 V, 5% 66. liOtpuIK0d? MC. G111-l /4

855
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V. HEAD & EMITTER SIMULATION FLOW DIAGRAM
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CCU-GSE COMMUNICATION FLOW DIAGRAM
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Start APPENDIX A-4
SHEET I OF 2

Clear Locations
4000 - 4040

Issue Command To Do IDLE
RTN Both Sides Release
CCU Reset Line

I( F;ive 3 Second Delay

I

Side 2

Pass or Pail Fail

s i

*Established GSE - CCU Established GSE - CCU
Connections or CoBnections or

aCoNTINUFFal 9

PRECEDING PAGE BLANK

_~~~~~~~~~ Pa-ss or m mi Fm] ] m m Iil"•m m mwl m



APPEND!X A-4
SHEET 2 OF 2

Print" Side 1&2 Failed Print -......... -
No Communication Path System B

Established GSE CCU No Connection Path
Check Integrity Cable I Established GSE - CCU
Connections or Check Integrity
Replace CCU Cable I Connections

or Replace CCU

S!

Set LF3=9 Set MEMCODE4
Address to 4000

A or B

-Issue Command to Retrieve
Data Side 1 Reset CCU
Start Time to Start PGM
From Beginning (0000) After
Data Has Been Retrieved
Jump To Utility

94



SStart APPENDIX A-4
I SHEET I OF 4

[DIS INT Apply Power oCU._

IsIEF3 = I? Y

MEMCODE 1. No

Auto/Man

Point. R5 To Return RTN

I u Jump To Control
in GSE InOtUnit Tests

Is Lab Ln_ Switch In? I-

S SupportJum Into AN Loo

IYess

Do Idle Return JSet MEMCODE = 0

3 Seconds Delay I
Shift Data Side 1 To Memory
4500 - 45FF
Reset Issued Command To

Fail Side 1 Retrieve Data Side 1
Reset Timer Command
Issue Command to Retrieve

. Pa.•s Data Side 2 Reset CCU
Start Timer To Start PGM
From 0000 Jump To UtilityIDo Part I le Determine • sLb

Communication Data
And Print Accordingly I a

SSupport Cable •,No

<Pn Usedssage 
53J

SI
Line ie Out 7 # 14

Print Message 54

CONTINUED 05



Release C U Reset APPENIX A-
Line ie OUT 7 #14 SHEET 2 OF 4

IJ

Is GSE2
Side 2 High?

Fire All Heads Side I
ie Out 3 # FF

No Is GSE2
Side?1 Low?

S-Rest all Heads
S Side,

F.ire All Heads Side 2

ie Out 4 # FF

Rut 4 #@ FF

CONTINUED 96
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SHEET 3 OF 4

); ,.Auto

[ LPrint Message ý57
' I ~Man •

[Print Msae56

Data
Retrieval Yes

10o Data Retri~eval

Man.

UiTetYes Auto

D ol Unit Testl

COTN Yes 97

Parmeri Yeseti Ts

CONTINUED 97
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SH
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SttAPPENDIX A-4I
SHEET 1 OF 2

Initialize R2 To Free

RUP, (404,0) -t;X R2 II
Apply Power To CCU And
Do Not Hold It Ir Reset
Mode ie Out ; # 14

Is
GSE Control No

In?
Print Executive Convnand

Yes "CCU Running"

Yes Is

fBranch To Part 2 NoFPoint R4 to CALL RTN

Point R5 To Return RTN
Se t X -= 0

Hold CCU In ResetMdj

SI

I ssue Command To Do

I DLE RTN Both Sides
FRe~lease CCU Reset Line

J Give 3 Seconds Delay I

Sie Fail

Pass

A Ststem
& 3 A or B S s e

A~ o r BLo~nq Branch ToOParI 2 EA or B

CONTINUED 99



APPENDIX A-4
Print M assaae 1 & 2 SHEET 2 OF 2

Bra nchc to FailPass or "a

Sid I "P's"

L~int Messages 10, 6, 11) Print Messages 9, 12, 61 F rnt Messages 8,,, ,: 3

-I F!*
IP-rint Messa s 1, 3. A- 71

SPrint Executive
Co~mmnd (1),

A, t Auto /a

S• J B r a n c h t o M a n u a

Loop

100
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LIST OF ERROR CODES
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APPENDIX A-5

This appendix consists of two parts. Both parts list a set of error messages.
These messages are used to decode any failure conditions during the 'CCU Test'and'
the 'Functional Test'. The inrst dlglt in the PASS/FAIL coded print out corresponds to
the first error message.

PART I refers to the CCU Test

PART 2 refers to the Functional Test.

PART I

Message RAM
Number Location Error Meage

1 4000 Indictes System A for Data Retrieved

2 4001 Adjacency Fail

3 4002 A/P Ident Not Available

4 4003 SIDE I RAMRETN-A FAIL

5 4004 SIDE 2 PAMRETN-A FAIL

6 4005 SIDE I RAMRETN- B FAIL

7 4006 SIDE 2 RAJRETN- B FAIL

8 4007 SIDE I COM-LOGIC PART I ABORT

9 4008 SIDE I INHIBIT FAIL

10. 4009 SIDE I COM-LOGIC PART 2 ABORT

II 400A SIDE I FAULT FAIL

12 4008 SIDE I FIRE FAIL

13 400C SIDE 2 COM-LOGIC PART I ABORT

14 4000 SIDE 2 INHIBIT FAIL

15 400E SIDE 2 COM-LOGIC PART 2 ABORT

16 40OF SIDE 2 FAULT FAIL

17 4010 SIDE 2 FIRE FAIL

18 4011 SIDE I RAMT9.ST FAIL

19 4012 SIDE 2 RAMTEST FAIL

!0 3 ---------

ýilecullw P•AS S.,mN 'I,



PART 2

Message RAM Error A
Number Location

I 4050 First Emitter Test Failed
2 4051 Fire Occured Immediately After Emitter Test
3 4052 Test I Failed
4 4053 Test 2 Failed
5 4054 Test 3 Head I (Lit 7) Side 2 Operate Failed
6 4055 Test 3 Head I Lit 7 Side 2 Reset Failed
7 4056 Test 3 Head 2 Lit 6 Side 2 Operate Foiled
8 4057 Test 3 Head 2 Lit 6 Side 2 Renst Failed
9 4058 Test 3 Head 3 Lit 5 Side 2 Operate Failed
10 4054 Test 3 Head 3 Lit 5 Side 2 Reset Failed
II 405A Test 3 Head 4 Lit 4 Side 2 Operate Foiled
12 4058 Test 3 Head 4 Lit 4 Side 2 Reset Failed
13 405C Test 3 Head 5 Lit 3 Side 2 Operate Failed
14 405D Test 3 Hood 5 Lit 3 Side 2 Rest Failed
15 405E Teo 3 Heed 6 Lit 2 Side 2. Operate Failed
16 405F Test 3 Head 6 Lit 2 Side 2 Reset Failed
17 4060 Test 3 Head 7 Lit I Side 2 Operate Failed
18 4061 Test 3 Heod 7 Lit I Side 2 Reset Foiled
19 4062 Test 3 Head 8 Lit 0 Side 2 Operate Failed
20 4063 Tst 3 Head 8 Lit 0 Side 2 Reset Failed
21 4064 Test 4 Head I Lit 7 Side I Operate Foll
22 4065 Test 4 Head I Lit 7 SideI Reset Fail
23 4066 Test 4 Hea 2 Lit 6 SideI Operate Fall
24 4067 Test 4 Hea 2 Lit 6 Side I Reset Fail
25 4068 Test 4 Head 3 Lit 5 Sidel Operate Fall
26 4069 Test 4 Head 3 Lit 5 Side I Reset Fail
27 406A Test 4 Head 4 Lit 4 Side I Operate Fail
28 4068 Test 4 Head 4 Lit 4 Side I Reset Fail
29 406C Test 4 Head 5 Lit 3 Side I Operate Fail
30 406 D Test 4 Hod 5 Lit 3 SideI Reset Fail
31 406E Test 4 Head 6 Lit 2 Side I Operate Fail
32 406F Test 4 Head 6 Lit 2 SideI Reset Foil
33 4070 Test 4 Head 7 Lit I Side I Operate Fall
34 4071 Test 4 Head 7 Lit I Side I Reset Fail
35 4072 Test 4 Head 8 Lit 0 Side I Operate Fall
36 4073 Test 4 Hod 8 Lit 0 Side Reset Fail

37 4074 Test 5 Adjacency i, 22 Operate Fail

38 4075 Test 5 Adjacency I, 22 Reset Fall

39 4076 Test 5 Adjacency 2, 32 Operate Fal l

40 4077 Test 5 Adjacency 2, 32 Reset Fail

41 4078 Test 5 Adjacency 2, 12 Operate Fail

)04 Contd....



PART 2 Cantd

Message RAM

Nunber Location Error hAusage

42 4079 Test 5 Adjacency 2, 12 Reoet Fall

43 407A Test 5 Adjacency 3, 22 Operate Fall

44 407B Test 5 Adjacency 3, 22 Reet Fall

45 407(C Test 5 Adjacency 4, 32 Operate Fail

46 407D Test 5 Adjacency 4, 32 Reset Fall

47 407E Test 5 Adjacency 8, 42 Operate Foil

48 408F Test 5 Adjacency 8, 42 Reset Fail

49 4080 Test 6 Adjacency 1, 32 Operate Fail

50 4081 Test 6 Adjacency I, 32 Reset Foil
51 4082 Test 6 Adjacency 4, 22 Operate Fil

52 4083 Test 6 Adjacency 4, 2.. Reost FailS

53 4084 Test 7 Adjacency , ,4k 1 2, 22 Operate Foll

54 4085 Test 7 Adjacency l, 2 Reset Fall

55 4086 Test 7 Adjacency 2,3,22,32 Operate Fail

56 4087 Test 7 Adjesmncy,.2, 3, 2
2

3
2  Reet Fail

57 4088 Test 7 Adjacefcy 4,8.4 28 2 Operate Fail

58 4089 Test 7 Adjacency 4,P84'42,82 Reset Fail



Ms No. Me__ge

I GD/GRAVINER DFDS AUTO TEST ROUT N

2--- - -------------------- m---

3 SYSTEM A

4 SYSTEM B

5 SIDE I

6 SIDE 2

7 NO GSE - CCU PATH CHECK CABLE I OR

REPLACE CCU

8 TEST ABORT

9 SIDE I & 2 FAILED

10 SIDE I PASS

II SIDE I FAIL

12 SIDE 2 PASS

13 SIDE 2 FAIL

Men0ages 14-29 are no longer used.

30 GRAVINER DF DS F-Ill CONFIRMED

31 ADJACENCY FAIL

32 CONTROL UNIT TESTS COMPLETE

33 REPLACE CCU

34 Mesage 34 not used

35 START CONTROL UNIT TESTS

36 START UV-HEAD TEST

37 START PARAMETRIC TEST

38 START FUNCTIONAL TEST

39 Message 39 Not Used

40 UV-HEAD TEST COMPLETE

44 PARAMETRIC TEST COMPLETE

42 FUNCTIONAL TEST COMPLETE

43 Meusage 43 Not used

44 suage 44 Not use

Messages 45-52 are not umsd.
'06



SAMPLE LISTING

Mauqp No. Mesu

53 CCU NORMAL MODE

54 Msmoe 54 Not uumd

55 Meogso 55 Not ued

56 MANUAL MODE SELECT TEST

57 AUTO MODE SELECTED

58 START READ CCU TEST

59 READ CUU TEST COMPLETE

60 AEROPLANE IDENT NOT AVAILABLE

61 COMMON LOGIC TEST ABORT

62 5.6V SIDE I FAILED

63 5.6V SIDE 2 FAILED

64 320V SIDE I FAILED

65 320V SIDE 2 FAILED

66 EMITTER FAILURE 01

67 EMITTER FAILURE 02

68 EMITTER FAILURE 03

69 EMITTER FAILURE 04

70 EMITTER FAILURE 05

71 EMITTER FAILURE 06

2EMITTER FAILURE 07

73 EMITTER FAILURE 08

10-,



APPENDIX A-6

CCU TEST FLOW DIAGRAM1
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Start- PENDIX A-6
SHEET I OF 13

Poin R4 o Cal RI
PointR5 T Retun RT

Se drssAdJm

To Print Message 2____

Set ddres An JuA

PRECEDING PAG BLAK-111



APPENDIX A-6 O oai
SHEET 2 OF 13 40 n

Store Result At
4403 ie LDI RB

LDN RA XRI * A5

Comm~and TosDo Store Code ie LD1
RMRNian ReTao Do i STR R9 INC

RMK elaeR9 INIC R9
Reset Of CC'j Set -Address And
Give 3 secs Delav Jump To Print

Messagle 31
Set Address dump To
Print Message8

Is 12L-



APPENDIX A-6
SHEET 3 OF 13

Is GSENo

Sto°re 01 via R9 ie, o•

JINC R9 ie R9 = 4005

Switch Off 115V OF

eset RMRNA
Issue RMRNB

ive 4 Sec Delay
pply Power to CCU
ive 3 Sec Dela:I

Are SE 1 No

Ord 2S Side 1

S!

Store 01 via R9 ie
At 4005

JINC R9 ie R9 =4000I

-13



U APPENDIX A-6
SHEET 4 OF 13

FRead GSE 1 And~ea- G 1 2ýSide~id 2

MoeFre All N
Hed &oth Sides2N

Yv es

11CR i 9400j



APPENDIX A-6 I
SHEET 5 OF 13

Hold CCU in Reset I Set Address And
Mode Put CCU in GSE Print Message 61
Mode Set R9 - 4010

A or B

A
Issue Command To Do
Common Logic
Release Reset Of
CCUJ

I R

11

Give 20ms Delay

NoAe3INC R9

Store ~ ~ ~ ~ 01 via R9o iO0 Str 1vaR A

i I ,
iSet Timer To Zero
lie R6 = 0000

115



APPENDIX A-6

SHEET 6 OF 13

S t r 0 1d Ii 
9 i

?OIns Re6 NC

* SecodsYUp

Yess

Give20ms11la



V Ntre0CvaR9 i

40CINC R 96e i

No/ Indicates

Store 01 via R9 le

NIolt 00

sSS~

117?



APPENDIX A-6
SHEET 8 OF 13

FireI>Store 01 via R9ie

""[At 4010
No

INC R9 ie R9 = 4011
Reset Issued Comnmon
Issue RMTAS
,Hold CCU in Reset Mole
I Second Dela-y-
R e Ie e sel Of CCU-
Give 3 Second Delay
T~ead GSE1 Side1

I

Store 01 via R9 ;e
At 4011

L14C R9 ie R9-- 401

As', orI B• g'
SA

11It8 01

Yes



APPENDIX A-6

SHEET 9 OF 13

Set R9 4_0_T

LDA R9

Se drsan I'

ToPitMSap



APPENDIX A-6
SHEET 10 OF 13

LDA R9

T-o Print Messa e 19

LDA R9

120



APPENDIX A-6
SHEET 11 OF 13

< LBZ

etAdes n up

ToPitMsae2

121 R9



APPENDIX A-6

SHEET 12 OF 13

LDA R9

II
ISet Address And Jump0

To Print Message 2 IJ

Set Address and 0ump

To Print Message 24]

OR IRX Req And 08
OR IRX Req D And 09
OR IRX Req D And 05
OR IRX Req 0 And 08
OR IRX Req 0 And OC

OR IRX Req 0 And OD

OR IRX Req D And 09

* OR IRX Reg D And OF
OR IRX Reg D And 10
OR IRX Req D Arid OD

ORIRe Adress Dand um

OR IRX 0e3 And 04

OR ,RX Reg D And 12

122



APPENDIX A-6
SHEET 13 OF 13 -

To Print message 33Se drs n u~

-Q.

•Branch Into Test-

ISelect Loop

=Branch To Head Test

123



APPENDIX A-7

SAMPLE ASSEMBLER LISTING FOR TESTS

125 F



ItI

olli. I- I

I 44t

mAt I m

04b 4c 1 pop-

o4TIES

PC a
PC)D U'

"oIt PC?
094vPb

1.16 a 00) " .-t .I- o

06.0 6 0 . ~ tl 001111111 TOs ,. :~ C CU51 Wt
6610 I %MA--00

""no 6p~ ItO 164, PLO Zt

I A 0)" SOL~at- .M .. POIN 6- To OII" COJ

.o"i 
"4,9 . 010 "I A10

4 Sta ION 21T""

'p I~S * to ~I'~
41 ~ ~ 11 Ot. X11P~ t L

-* ~~~ - .. low"E.. .-

* *. *. S.. 0.1f.mf ..

.41"-.44.

II MA oqIIT1
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*~~a im A krtiA o*oI-*o

f",4~-si . ~.i~.~s c A',~ 4"1 LOA~t .I SMLE ONLY
,.4*~$4iI, w f I7 ?.I ,

0..~ ~ MP 4. W** ,p1-0 e.i~, '.0

0 ~ ~ ~ U )..go ghb 0.o' 
IU iOc

,,o~~~.I f07 ."4  t*~ T I t41 01 TPE LO W~

S~ ..0 
Iti. S

-Io1 E_ 14" asu A.V, 0, 6 .T - -t I
6 

omp It , .101 02.IP o

0.VS~ 5R05 .' q6fn IF~d P0.1YE .".

0Out 3*OT40 -.0', -iiL El. &ASS

000 41011 ,::4: J00 V I60 - APIP -'Or'1 SIDES 9

A7: A-- di -1 -t f" joop 4 i .61A

., 'A. I6~3 s*~ F 'I~

~ '1; * MI 6 G LL-7 4 P6. ool .. 1o I.PUO *

007t 0,. L

0.4660016 st-W 10140 0 Pi6 1.0P 06

00-4 ft.0 I0~ (oIL. IF6 oo *

OOA. OSA0639 OA?& L11.21 'T 4 (11D T

0 IAO e.0 $-ao0 Ou

0 ., t..*c Ill UII 5"1 ! i IS.A f

I.%. Ii 4.-)K

*, 0-0 P(~ LDI604 .,1P 9*0% f-09

O(A 1 1,1,1. (4 06G.1*6

0`59 4 I W'# .? O. l 4 (6 ..1 Sac Mj pmt OI

.. '.I,'- 0..C, P. 0" ice EAS 4;W L kI .'o i& _O

D"'-4 650 -'. .I.a..

'.0.. ~-API F0-$ %. "0 . 6 ' Po40

,.*i A.'f~ .1 1 11. fto 6$ 11.

- b. a, 0k.I4 I2 lg& 460 0 F5 0.0 UL0 *fl

pq (. I- IL"

o. LotI.

:Irt .0 .. fa l Ir3 -. rD1M%

Do ..1'CU

-Wr-~~~ ~ ~ 28ý,M, 4.1C



..l7..F....t4 I OI I Ot bit, c tt

"114 2" .W .Io I't L 'Ti. I SAMPLE. CINLY
"1P.014-6.. 1 ii '1 n1*'110 Pms IF PLO :b r..

0
t*OaOO

-'I' 1t- -i -4 '11 t' 0119 1~ for "Upt DEL
I btt'F4'4'4i It I,.:9 icryO#0 .(

".14 1.'" 1l" I Pl IMP 4 ..50603 6t( %Ud '.I5E
i'l. 1 IIA.` Cii 'a 0.i"n-", -ii12t21 F" AtI .ITCH PF SimE I FAIL
0li. .41 0i) In*4 ..TstT AO
't~ll.( '14 -tes

"tiffPle~it iŽ. t'IAI hIS4 'O Si .. SET AbIDTIO I JPISP TO
" 0`4411 TI "'W "K,,91? IC

.ie U. .it I DI, 
t 

of ci~k .. i;3'E AbUMSES & Ai TO
WAŽ Ii -. I,. (P 53 -- Pein?, PIt I

t-ic. VAl 1 .1 1 i p 11S30lT tgt ASFI
*Ia .a.,o 1n2 PAIc * .bci oUKa6

-INt trc 13-3 b. MPAsla .Mw" IF .11111 PA$S 4. '"
-. ;I'll bit l * D'ir 79 1Si ..Awii.) It 614,1Vt ai eUP

"IitFga¶A3I "I . Lb~l¶ OW FLO Si A.ST f-D&Ct *14 AND-" 10

"I,. -0~0~ "14 tT'1*
0 

PLOt)1 ... CT .IDftl & .A~fl T0

itt b~ "142 .10, 3)Al .-. 51?Sf

01tt 1 t 114 4 1 iLil IMPq .. lr~y l of A S
'.4" A041 '45 1 DIo

")4.ý tAll
t  I't 7N: -YU . IC 1W W F

.'44 f...4A~l '.147 ý i4 POf 9) *..E:T PDV'ItI~l % Aim TO".14 $ oi "1 I4 I '( P S I *PI P I M KC ! . Z

l'4 S DAii OI tt'T'1.0&001 PtLa p) AAU %! iOP tS jUEW T0"0I3# Till "152 01 P. .. fl DWCi & Ao

"I, R.i~ 4 
:1j'(l I19i 'IT .95111?L MEOF. O IT4

.. C F ".41 ti, LC 39V TOl .CP Oi¶i.
"4'P.ai "l' I A, I Lt i*44. Vt 3 -. E1 A DASS & A T

" "'DI "is '(PN 9) . 9 ls? it a1"Fa7 "4534 "25. Lbi07 ¶ IFt'ýPO A) tIE? EtO3SSI L A.W TOl"IolOl (,05% :199) .. al"I plT s 0I
'1 101(791 "11,0 Its t.t"ti

.. i,; j',i'a iIMP *f 93VS 'TOM I-Si?117

OIL 57.- ' - too P61.1 IS -PAIL

'V'~( -- VA~ OL &!T It IS' lb. 9 - of. I AbUE. I- .*6

.'p ;.n p .I. I .'tttJ ut 's t I'l 6-
I~-m. .il'li- '- Ii4- 44
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'20~7 ~ ' In I"" Q'nD'I SAMPLE. ONLY
if~t 'r0I.j? Pn.'M: o b.r '3 L.4TM AfIttttIs

'nib *"l~8 r-r~ .V ('A~ WM 0 (TP(V(DATA

01ii &0 *1 Wc' OI D .. HX "OLD ;mj N ET PlDy.

.1n AP I -19 L . .- 60

v.i2 3.r -l M OIL?' .Pt46I#

"I.A DE I C4ItC0 C.I 3* .'U II -C ID I.P A2 (16 PLO

..117 ),1' - -'OF 7W tooC E

EF 0 IJ I- PaECL ff~ ~ l~
.JIF)I
'IF ~43I3' C.A.rA ii14 N... P1o w3 L i L AAfl

3) ~ ~ ~ P ibb'¶)i .- b itO 63 A ''4 AMW TO

~~~r I0 ' ' "

-204~Co 90.80~'i'

.1'00 '4 4? 6.to tbt." 1 't*tP0

.812) s~fl~ 041) CItE' Pt 4 04
4,2to V01SS 0Ž4T YIUl L 641.601L011

nt ' lt b lt? or C CL
4,9* 00006# .44 :.C&0'$§O

.. ~7 - 3 uitl"l T-4 -,If asIC TO

"c~~t ,~~4 . 1IL II' 1 . l9t ~ iv TIq
'OlE *014tSi tooI F0i6'O tC'401 STOI Il 1015 02 at 4065

"id I1 046.t1l 42 P~

.. P4 !tvl4 0EUS solIo 7(4 '1124I4 '31

14' - . P -P.6,

I~" T†† † † 
5

f'

-- 4: - - - - -
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APPENDIX A-7

SAMPLE ONLY

.A
;0(10| | 00112 . .. ****DATi,'A MA Ih4 PPROGRI"AM I
O1)ov(, A 0003 OF'G1GII::.:*0a

1;-,.'(i F.:1. B3 0004 LDI:;1:. PHI R,-
1803 F*07A.3; 0005 LDI::10T PLO P3
S1•:06 D31 0006 .'EP R3

* 1807 ; 007
1807 F*IF9BP0t 0003 LDiI::IF PHI P5. PHI PO

* 18(0S F866A('; OA9 LoL'I•, PLO PO .. FOP DELAY RTM
S160E F84011; 0010 LDI:*4I.' PHI P2
"I"t1 Do; ti1 PLO R2
1812 DO: 00fu12 SEP F( .. FR'EE PAM.DO DELAY
18*13 0 013
181? D4:3EEI2IA3O2E;Oi4 ".'EP P4,:';3EE,A9-+4i BP HOP1
181A 535441525420443 0015 ,T"'STRPT DATA lALY¶!',s:8A
1821 415441Ž0414E41:0(115
18.. 4C59-,S495T 8A: (1)15
tSZE 6CFAO; 01)16 HOPII IN1P 4 AIIt::og8
1831 3A468 061" qPfZ PA' ..rIOT-T) I. Yv'S A
1S:4 F844PBS (01') LDI:144 PHI RD "cET FOP DATA

S18-.36 F845PAI 0019 LDI:$45 PHI RA .,TAMrFEP.,MOVE 4400>4500 ETC
!1849 FSOOAARR; 0060 LDI100 PLO PA PLO RD
183D ED' 00(21 SEX RP

A I3E 72; OOZZ MORES LDXA .. GET DATA
* 18$:F 1AIASA; 0023 STR PA INC RA GLO RA
* 1842 FBO0O 0024 XRIIsO6l

1844 3S.•E 00a63 DfZ MORE .. UNITIL ALL DATA XFERED
1846 F•81'I#& 0026 PATS: LDIODI PLO P9

* 1849 D9I 0027 SEP R.9 .. DO Ih1lPE
* 184A EBF•831 0028 DEC PS LDI,31 .. ACII "I

184D 5P1 0029 STP RD .. ATM4090E
i.1' 4 -. 45P1D - 00510 LD11145 PHI P~

1851 F8r1AD; 0031 P4TtI LDIubt PLO PS .. POIriT AT FIRST DATA
1854 721 0032 LDXA .. 1AVED INICARTOR
1855 FER53 0033 XpIsnA5
1,7 (10S.4 BDPZ LOCI
I. 7.F1RS; 0A?.,'5 LroXA 'PI.S'5 . .'HECV FOP GOOD !TOPE
S:?,A 30A 3; 0036 BHZ LO0:1
185E FOFFASS 0037 LDX '•,PIIA!5

* 1'.,1 ?2CE; 0038 3Z PMT3
1 0039
186.3 DOD41 0040 LOCt:l' EP P0 .EP P4
1;?, 05 SSEE1:3D:..(08 0041 ASI.'BP EEfA. HOPE
1:36B 44415441.04E4FIO(042 ,T'DATA NOT SAVED SIDE 'e",o
1 S 7 2. 542 5'1•4156,45443 13)42
I I7c• 2E.(l%•444445)A.1fl 01042
180 [14;??EE4(EII 0043 HOPEI CEP F'P4,g3.:-EE40FD .. FPOM I,JPITE PAD
I85 ID 0[48?EE1P.P., AI 3(o(44 PNIT2. SEP PO :PEF P4,.'83EE,A'.,4) BP HOP3

I ;-D 444115441 E (414E0 0'4(5 ,T" 't'ATF ANALY'I : TE!T A?,OPT'" e)RAR8

18'. 5r445 3t:42 0(41421 Ai045
• '1 8A.Ž 4F5254 (oROAR( ':1045

S * :.;4A 6.EFA(14 1:,0040. HOP:1 IffP 3 Ar4110.4 .. TE".T FOP AUTU/MdH

131



SAMPLE 014LY

ID C-1 DE V"5 L13 !"C~ .E;t ICr'-~ 17J A141;

1 tCE F'8704 00152 LOC.l LJI.,'( PLO PP' ETMA-A L '

18111 t-1,F 40 r 0 " LOC'5 '3L0 PP, XF'I :1'e

18D4 C218rJ; 1) 015 4 LK- LOIT -. END MCY¶3 F OR ALL O'S

I SD 7FP.66EE; 1"'7 6 tt4. 5H 5~ LFlEXaA

I SE F A r,3( w' 1 . ttl f:4 rPH1 FE

S 'l r fI::. SPT L0PP~T12

19?':D F*FiOAP; AF 1:5Z LOFI:(ji PLC) F .. TF l T MCO-A ALL uO

1'SE4C I':$F~r~ I U.Z': I ?P Ci

18?EA (' * I O"

I F4 1' 0 ŽZS 1Ii<( 110;

,,? ilt 1).48F.4&JAJ5 ; 1: H.. :EP~. P4 *ts ..EE (E .R M 1P T A

r) Crl IeS,5 n I f:'Zo k-P 132-



V

SAMPLE ONLY

196E7 ')E5245.4C;434545 ; ,*5 ,-OET'REPLACE CCU' ,OF(,0AO• . 196E 45a(4-?4."3550A~rjI O'.:,*7.,

1 1977 ; 009A

! 1977 C01*P-51 0,097 PtHT*1 LBR PNTZ197r~ ;090 00O9• 19T:, St-"-o-197I C61970% 0098 FlT7:

.197P 1 0100
, 197D 1 0101 .. ****eDELAY POUTINE*....

197D ; 0102 .. FOP DELAY BET'W'EEN PRINIT OUTS
197D 9 0103 .1.j:"ES P0 F".- PGM COUHTEP
19"', ; 0104 .. pETI.,PNl TO P-s CONTPOL'
1971 ; 0105 .. UýEf RE A! C:OUtNTER
1971) 0106 ORG-tIF65
IF65 DS3; 0107 OUTOF: SEP P3IF66 0169 ..... ENTER HEFPE','o.>>)'1>>
IF66 F..FFBERE; 0109 LTJIu:FF PHI RE PLO PE
IF6A 2E9E3R6A1 0110 PLUý: DEC RE GHI RE W-6 PLUS
I IF65E 3 0645 0111 DR OUTOF

1F70 I 0113
"- IF70 ; 0114 .,9o0*0FI•PT ENTPY TO ALL DATR •NlALY"IT0*

1F70 I nf115.% PPOGFIMME IS PUN IN ISOLATIOP404
IF70 OPGtS .-
IEFS 67; 0117 OUT

*IEF9 101 Olte ,9o10 .. ATS'MET SET UP TO XuP'O
, IEFA F9.,.,B4V5; 0119 LDI-$2 PHI P4 PHI P5

IEFE FSFTA4; 0120 LDIu'F? PLO P4
IFOI FSFAi. 0121 LDIssFA PLO PS~
IF04 Cr01. 1$,6 01 Z SIC1=018s00
IF07 ; 0123 E•D

* 0000

I.-
*? FHLU=1

p

I. .

_ _ - ._ , -. ,

S% oo, ,. .~- " - a * q- - Y . __

*I

, 133
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APPENDIX A-8

SENSOR TEST FLOW DIAGRAM
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APPENDIX A-8
SHEET I OF 3
(SENSOR TEST)

SStart-•

No U

Selected

4~Ye s
Set Address And Print
Message 2 Set Address
And Print Message 36
DIS INT ______

Set Interrupt Sub-
Routine Address 21
Clear Registers Used
To Count Pulses ie
R3-RB
Fire Emitters Side I
Set Q = 0 Enable
Interrupt Store Fl
In Loc 4013

'Part 2 Of Head Test

witch Off Emitters
ide 1
Switch Off Em, itters

Side 2
Transfer Conts. Of
Register to RAM

Clear Head Counter
ie R9 z XXOO

Point RB To Assemble
IMessaae RB-46001

PRECEDING PAGE BLANK

137
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APPENDIX A-8SHEET 2O
(SENSOR TEST) De e

Io-

FAssemble Side 2

Doo BCCnvrso

FAssemble Sid Iead

ei R3 Add 30and
Stoe via R

UN

+ 
Is 

Th38



I APPENDIX A-8
Point R 4 To CALL RTN SHEET 3 OF 3
Point R5 To RETURN RTN (SENSOR TEST)
Set Address To Print
Messages Assemble

I Set 'To Address And Jump
TO Print Message 40

Set R To Int Address
Clear Reg R3 To R8
Fire Emitters On Side 2 Auto/Man Man

Enable Interrupt Store
El In Loc 4013

Set Address And Branch
1To Do Parametric Test

TSet Address And Bac
o Manual Loop

139



APPENDIX A-8
SHEET I OF 2

(INTERRUPT SUBRTN)

Yes

Add-s ito Contrd

ie R3

lie R4

140 N



APPENDIX A-8
SHEET 2 OF 2
(INTERRUPT SUBRTN) Add I To Counte 711ie R6

ead 5 No
Fired

es

Add I To Counter 5
ie R7

Head 6 No
Fired

Yes

r Ac 
6

i e R8

Head 7 No
Fired

< >Yes
Add I To Counter
ie R9

Hea d 8 No

Fired
< 5

es
Add I To Counter
ie RA

INC 10 Sec Counter
ie RB

Are 10 Yes
Secs Up?

O No Set RO To Part 2 0

--- I 1 10 Sec Test
6 tore Savgd Status -1

I ILong Branch To Par
Jump Out Of INT To PGM 12 Of 10 Sec Test
lPointed By RO
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APPENDIX A-9

PARAMETRIC TEST FLOW DIAGRAM
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APPENDI X A-9
: " RE- I: R' Iri4T '

. ,

II I y

I"IA E : _ . . . . .i,... .... .

I--I -9,I"

"5v ID 12s

9 -,
PR...NGPAG B AN ... .... .. . .. . - "

' ," _ ~ ~2 FALED."": ..... . .i

S. ..... iYes . .. i

S S

IMAII



I A-9

II -rNIx -9 S .1
I , 1 I

I - - .•

-4.. J.-... ...,....- :: -.. _

SNo • I

4IF)n IIS

Auto ALi

Mran; ,

"" 4b

. . . -_

Do Emitt,
------.

I I

SI :I.

- -Ii
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APPEND K.o

I ~ ~ T IrA' rF$T~<

S et RC=OOOQ

I RF OOOQ Reset a=()

Ree o54

.12

I~ re

"ET*te I iw I

I JurEST- Aa$TI

Ito * Long B~anch To
c Ontý pg V..Manual!, Loop..

I Ito

I 147



APPENDIX- A-9 I

Iw7t.w Surt I

i- Vdv SE2:

Ye. I

0cR.41brr2
No: ~'~bn

T~T ~BOR ~ w~RDt Srtn 22 ~.

3TE RDS Abrtn~ 2

tI E I' Faidk1
uto~~~~~ 148 3 ESAZF

A=.

-A



APPENDIIX P-9 9
i ~ ~Com, Fromi ,nt. From~ J "I'

.................... .. .... ,. ... :......................... . --

I Yes

Print"Enhitter

IH Id CCU h ýeset
.deResetw 1-0 00
Give 1 Sec Qelay IDal Reset

FSubrtn 
1I) Auto

SSubrtn

- _Su~urtný ILong! Brarch T! .. .. .L I 'P r i n t * ..... t t. . .
IFaivue § TEST
* ABORT T -
I i

I ---. . ...... .| - .- - -

I I

Man Auto .W...

Lonq Brgnch "i

I 
I

S.... . . I. ..... . .... •..................... ..- 
4 

. . o .. o . . .... .
149
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e~Vh -rom PPE~t~ilk A-9

e" OSE S ~1: el/THIGH

Is~
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ADVANCED FIRE DETECTION SYSTEM

CHAPTER 1

INTRODUCTION

The Graviner Advanced Fire Detection System uses micro-processor controlled
ultra-violet sensors to provide a very high level of detection validity even
against a background of bright sunlight.

The equipment is used to detect fires in aircraft engine nacelles, and two
systems are provided. System A is mounted on the left side and has dual
sensor heads and dual micro-processors to give a high level of cross-
checking' under fire conditions, and to give continued valid operation even
if one or more items in the system fail. System 5 is mounted on the right
side and has single sensor heads and a single micro-processor.

Both systems comprise up to eight detector heads (five installed in FIll),
a Computer Control Unit (CCU), and share a common Crew Warning Unit (CWU).
In addition, a Ground Support Equipment (GSE) is used for pre-flight and
post-flight checks.

Fedtures include continuous self-checking of the sensors and the processors
plus both a FAULT and a FIRE indicator on the CWU. If self-checks indicate
that a system will not be atle to satisfactorily indicate a fire, the FAULT
indicator illuminates, warning the operator. A FIRE indication will not be
given if there is a fault in the system.

S 1
Page I

June 80
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U ADVANCED FIRE DETECTION SYSTEM

CHAPTER 2

ABRIDGED SPECIFICATION

Response The system indicates a fire when a detector
head is exposed to a fire for 1 second or
more. Full sunlight falling on the sensor
does not affect its sensitivity.

Sensor Failure Usten A: Both sensors in a detector head
haY( to fail before a fault warning is given,
and if the sensors are part of an adjacent
pair, then a fault warning will not be given
until all four sensors have failed.

Sstem 8 A fault warning is only given if
the sensor that fails is the only one covering
a fire area.

Detector Heads Each detector is sealed against contamination
and can withstand up to +260°C for an
indefinite period. The connector has a life
expectancy of 1000 hours at this temperature.

Computer Control Unit Monitors up to eight detector heads
continuously and actuates the Crew Warning
Unit. Has the ability to bypass faulty
sensor inputs and in type A systems to
maintain processing using one channel if
one of the dual processing systems fail.

Crew Warning Unit Provides warning lamps and test buttons for
use by the aircrew.

Ground Support Equipment Portable unit to automatically access stored
data from the aircraft and to check out the
system.

Power Requirements System A: 102-124V, 380-420Hz at 300mA Max.
1T-Z9V d.c. at 230mA max. for CCU plus 15mA
for CWU.

B: 102-124V, 380-420Hz at 150mA max.
16-Z9V d.c. at 2SOmA max. for CCU plus 15mA
for CWU.

: Obtains supplies from aircraft, but
16-29V d.c. at 2OmA required for bench
recharging of internal battery.

2
Page 1
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U ADVANCED FIRE DETECTION SYSTEM

0Dmensions and Weight CCU; ZBSnmi deep, 19&0u high, 115m wide

noinal (11.1 x 7.8 x 4.5 in.). Weight

system A - 3.72kg (8.2 lb), system B I
3.3 kg (6.04 Ib).

Head. Sys At 105i wide, 60rnm high,

7r=*depi (4.Z x 2.4 x 3 in.). Weight a

0.19kg (0.42 lb) each.

Q: 70mu wide, 60mu high,

75f I deep (?. 6 x 2.4 x 3 in.). Weight a

0.11kg (0.24 Ib) each.

CWU: 146Am wide, 47n3 high, 119tm deep

T9775 x 1.85 x 4.7 in.). Weight x 0.65kg

(1.37 lb). Unit is shared by both systems.

Q,: 385m deep, 466mi wide, 377wn high

(15.16 x 18.31 x 14.84 in.). Weight

17.77kg (36 Ib) Including cables.

2

Page 2
June 80

188



ADVANCED FIRE DETECTION SYSTEM

CHAPTER 3

INSTALLATION CHECKS

Before replacing the engines in the nrcelles, proceed as follows:

(1) Check that the wiring has been carried out according to drawing
No. Z22004. Clean each sensor bulb with metal polish. Avoid
touching the bulbs after cleaning.

(2) Fit the Crew Warning Unit and the two Computer Control Units
into the aircraft. The thicker cable from the aircraft cable-
form is connected to system A CCU (Part No. 53813-203).

(3) With the aircraft ground power on, switch on the 115V a.c. and
28V d.c. circuit breakers for the equipment. Check that the
FAIL indicators on the CWU do not Illuminate.

(4) View the detector heads in each engine nacelle and check that
the emitters flash every 15 seconds. Check that when the FIRE
DET TEST button is pressed on the CUU in the cockpit the
emitter flashing rate increases (2 people needed).

(5) Carry out a full check using the Ground Support Equipment as
described in 'Pre-Flight Checks' (5-1).

3Page 1

June 80
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ADVANCED FIRE DETECTION SYSTEM

CHAPTER 4

GROUND SUPPORT EQUIPMENT

The GSE is a portable automatic check-out unit for the aircraft equipment.
It performs 3 basic functions; it reads out the stored data gathered
during the flight, and it checks the operation of the system and identifies
which line replaceable unit (LRU) is faulty.

The flight data is stored in RAM's in the CCU and a battery back-up in
system 8 CCU keeps the RAM data refreshed when the aircraft supplies are
switched off. To ensure that the RAM data is not lost when the GSE is
connected, a refresh battery is contained in the GSE and is connected to
the CCU via cable 1. Note that the GSE must always be connected to system
A CCU first and that cable 1 must be connected §efore the aircraft cable-
form is disconnected from the CCU. The cables are stored in the top cover.

To ensure that the RAM refresh battery in the GSE is fully charged, cable
4 is plugged into cable No. 2 socket and the 28V wires in the cable are
connected to a bench 28V supply when the GSE is not in use. The battery
should be charged for at least 3 hours prior to use. Before carrying out
any tests, always verify that the battery is satisfactory by pressing the
GSE BATTERY TEST button and checking that the adjacent indicator illuminates.
If the lamp does not illuminate, reconnect the GSE to the 28V bench supply.

Always check the quantity of paper on the printer roll. Red lines on theprinter show the roll diameter at which the roll should be changed.

To load the
paper, refer to fig. 4-1 and proceed as follows:

(1) Open the viewing window by turning the catches and then hinging
the window to the right.

(2) Press the Paper Feed Release Button and remove the existing
paper.

(3) Insert the paper spindle into a new roll of paperý'(Electro-
sensitive) and place the spindle into the slots in the Paper
Spindle Bracket. The loose end of paper should come off the
bottom of the roll and up towards the operator.

(4) Pass the end of the paper down into slot A in the top of the
printhead.

(5) Feed the paper into slot A while turning the Paper Advance
Thumbwheel towards the rear of the printer. The paper auto-
matically cycles through the printhead and out of slot B.

(6) Hinge the viewing window to the left and latch into position
by turning the two catches.

4
/ Replaoement part number 19-17210 Page 1

(United System. Corp. Dayton, OHIO) June 80
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i J•Paper Rail

Warn~ng Mark
Paper Spindle Bracket

Wire Spring

. Paper Feed Release

Pape Adva Slot A

Thumbwhtll ,ItI•I• I-. Slot B

Wire Spring

Paper Roll S~o A SlotB

FIG. 4-1 PAPER THREADING

4
Page 2

June 80

191



ADVANCED FIRE DETECTION SYSTEM

At any time the paper can be pulled through the printer by holding the
Paper Feeder Release Button down.

The GSE will only operate ful'!., when the GSE switch is set to IN. When the
switch is set to OUT, the inpLs and outputs are isolated from the GSE
internal circuits. By reconnecting the aircraft cableform to the CCU,
normal operation of the aircraft equipment can be obtained with the GSE
still connected to the GSE connector on the CCU.

For standard flight testing, the GSE is operated in the AUTO mode. The
MANUAL routine selection position of the keyswitch enables each test to be
Individually selected, as long as certain rules are observed, as follows:

(1) Turn key switch to Manual.

(2) Depress start button.

NOTE: Having printed the opening messages the printer will print:

MANUAL MODE ----------- SELECT TEST?- .-------- IX'

(3) Select DATA READ program.
Having read the data printer will print message 'X' again.

(4) Select Control Unit tests.
Having performed and printed results the printer will print
message 'X' again.

(5) Select UV Head Tests.
Having performed and printed results the printer will print
message 'X' again.

(6) Select Parametric Test.
Having performed and printed results the printer will print
message 'X' again.

(7) Select Functional Test.
Having performed and printed results the printer will print
message 'X' again.

(8) Select Data Analysis Test.
Having performed and printed results the printer will print
message 'X' again.

(9) Power off and disconnect cables as for AUTO MODE if the above
tests are not to be repeated.

The four indicators marked '1, 2, 3, 4' provide additional diagnostic
information if a fault develops. They are used only when cable I of the
GSE is connected (the aircraft cable form is connected straight to the
CCU), and the GSE switch is set to IN.

Page 3
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AOVANCED FIRE DETECTION SYSTEM

INOICATOR FUNCTION

1 2 Illuminate alternately at the time sharing rate
(each on for 167ms) to show that the time sharing
is operational.

3 4 Indicator 3 illuminates when side I emitter

operates (every 15 seconds) and indicator 4

illuminates when side 2 emitter operates.

The main features of the RAM print-out are identified in fig. 4-2.

rn addition to its use when recharging the GSE battery, cable 4 has additional

connectors which enables it to be used for a bench check-out of system units.

The connections are shown in fig. 4-3.

OSE COMPUTER
DETECTOR HEAD CABLES CONTROL

CREW WARNING I UNIT
UNIT ACUU

115 Av ( CWU )

AC

NOTE~ ~ ~ ~ ~ ~ ~~CAL CA3 .CNB SDT QIMN OE

OC Gv

1 2 ]

GROUND SUPPORT

NOTE CABLE CAN BE USED TO EQUIPMENT (GSE)

CONNECT THE 28V SUPPLY ONLY

ICWU & DETECTOR HEAO NOT

CONNECTED

FIG. 4-3 CABLE 4 CONNECTIONS

4
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ADVANCED FIRE DETECTION SYSTEM

inaicatirs valid Main timer Time of or Error ccde causing Time when FIRE
data iallows Operationi code opposite processor DET TEST button

00 00 shut-down was pressed
Hi Lo 00 00

Lo Hi

Fire, level 5 r14- .
00000000Fire, level 2
00 00000000

Time lastif ) IIILo Mi Store
ii liiigiliiiiiiiiiiii*~li~iiiiCount event Tiels

00 00 FFil Fire, level 4
Hi Store last 00 00

I eventLoTm
TimeCoutm

Error code -ui-i-aiii-'-iiii- - 6ii 1 I~~gO,(lI'li I 1 Fire, level 3

shut-downLoHStr

Time las

%hit down E,- :E7 a-E,-E_: e-EE'EEEEEEtE:.Ea. daec e
00 00 daevst

Lo HttLE 1i,ýa ýE_- aE'a E:,n. E -- . of subseQuent
or laot fire

First !ire Adjacency Background Time of lost Adjacency Tm hnls

time set where Count head failure head failure fire ended

00 00 Ist fire 00 00 00 0000O 00 00 00 No. of 00 00
Lo Hi Occurs Lo Hi HO H I head ret. HHO4 MMI set fire$ La Hi

FIG.4- 4,11~ N FEATURES OF RAM PRINT-OUT
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ADVANCED FI.cL. uEILCTION SYSTEM

CHAPTER 5

OPERATIONAL PROCEDURES

1. Pre-Flight Checks

These checks ensure that the equipment is fully functional before a
flight test is started. Proceed as follows:

(1) Switch on the aircraft circuit breakers for the engine fire
control system and run the equipment on groun, :,ower for 30
minutes; this ensures that the RAM refresh bpt ries in
system B CCU have sufficient charge to hold ed data.

(2) Ensure that the GSE has been on charge for at least 3 hours
immediately prior to use. Press the GSE BATTERY TEST button
and check that the adjacent indicator illuminates (GSE refresh
battery is charged). Check that there is sufficient paper on
the printer paper roll. If necessary, replace the roll (see
Chapter 4).

(3) Connect the GSE to the CCU of system A (Part No. 53813-203),
starting with cable I and then connecting as shown in fig. 5-1.

WARNING: WHEN THE AIRCRAFT PLUG IS REMOVED FROM THE CCU, AC
POWER IS PRESENT ON THE EXPOSED CONNECTIONS OF THE
AIRCRAFT PLUG.

(4) On the GSE set the POWER switch to ON and check that 115v side 1 and
115v side2power rail indicators illuminate, noting that with

system B only side I indicator will illuminate. Set the GSE
switch to IN, ensure that the AUTO/MANUAL keyswitch is at AUTO
and press the START PROGRAM button. The flight data print-out
will be meaningless but will show how many good detector heads'
are available. Verify that there are no equipment faults
indicated on the rest of the print-out.

(5) Reconnect the aircraft cableform to the CCU of system A and repeat
the connections and checks cf (3) and (4) above for the CCU of
system B (Part No. 53813-204).

2. Cockpit Check

With 'he equipment power on, the following checks must be made prior
to a .l-st flight:

(1) Press the FAIL IND TEST button on the Crew Warning Unit (CWU)
and check that the left and right FIRE DET FAIL indicators
Illuminate.

Page 1
June 80
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.9j

0 4A 4

z

z

0 -.

00

UrU

o-

0 Z

ooWU

0 D
LJJi

FIG.~~~~~~ 6- RUDPOTEUPeT CONETIN

z

4 04

zz

0

z

I"r

FIG.5-1 GROUND SUPPRT EQUIPMENT CONNECTIONS Pae
196 Page 2
196 June 80



ADVANCED FIRE DETECTION SYSTEM

(2) Press the FIRE DET TEST button and record the time at which it was
pressed. Check that the left and right FIRE indicators illuminate.

NOTE: The FIRE DET TEST button can be pressed at any time
during a flight to check the circuit but the time at
which the button is pressed must be recorded on every
occasion. This provides the-'itwum time for the stored
flight data.

3. In-Flight Operation

If a fire occurs during the flight, the appropriate FIRE button will
illuminate (LEFT or RIGHT).

For future analysis, the equipment records the time and sensor inputs
for all fire or 'near-fire' events in relation to the time when the
FIRE DET TEST button was last pressed.

4. Post-Flight Checks

CAUTION: THE FOLLOWING CHECKS MUST BE CARRICD OUT WITHIN A FEW
HOURS OF THE AIRCRAFT LANDING. THE TIME IS DETERMINED
BY THE CHARGE ON AN INTERNAL BATTERY; IF THE BATTERY
DISOCARGES BEFORE THE CHECKS TAKE PLACE, ALL THE FLIGHT
DATA WILL BE LOST. WITH A FULLY CHARGED BATTERV THE
DATA WILL BE HELD FOR UP TO 8 HOURS BUT FOR SAFETY IT
IS RECONEDED THAT THE CHECKS ARE W.. WITHIN 2 HOURS
OF LANDING.

Proceed as follows:

(1) Rmve pover from Fire Detection System as follovw:-
(a) Break CCU/CWi 28V DC Breaker

(b) Break AC system A o- system B Breakers as ap.. riate
NOTE: System A has two AC Breakers

(2) Ensure that the GSE has been on charge for at lea. 3 hours
immediately prior to use. Press the GSE BATTERY T button
and check that the adjacent indicator illuminates (GSE refresh
battery is charged). Check that there is sufficient paper on
the printer paper roll. If necessary, replace the -311 'see
Chapter 4). Set the GSE switch to IN, ensure that 6ne AUTO/
MANUAL keyswitch is at AUTO, and that the POWER switch is OFF.

NOTE: There is an instruction label on the GSE glvng connection
"and operating information.

(3) Connect cable 1 from GSE socket 1 to the GSE plug on the CCU of
system A (Part No. 63613-203).
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CAUTION/ TO ENSURE THAT THE STORED DATA IS NOT LOST, SYSTEM 'A'
CCU MUST A'.WAYS BE CHECKED BEFORE SYSTEM 'B' , AND CABLE
1 MUST ALWAYS BE CONNECTED BEFORE THE AIRCRAFT CABLE-
NM IS DISCONNECTED FROM THE CCU.

(4) Complete the connectlon- betveen the GSE and CCU as shown in fig.

5-1. Note that the a srraft cablefort to system A CCU is thicker I
than %hat to system A CCU. 1"'ke AC Bta.kers followed by DC
Circuit breakers.

(5) On the GSE set the POWER switch to OM ai.. check that the adjacent
power rail Indicators illuminate. noting that with system B only
one 115V Indicator will illuminate (not side 2). If the indicators
do not illtumnAte check the aircraft circuit breakers.

(6) Press the START PROGRAM button. The GSE will start to print out the
stored RAN data. There are two ables of data from system A and
one from system B. After the RNM data the GSE will perform a series
of tests. If the tests are satisfactory an appropriate print-out
will result. If a fault is present, the print-out will indicate
which LRU should be replaced. Typical print-outs are shown in fig.
S-2. yTota test zru time 1A~ matomastio nod is typioally Tj minutes.

(7) On the CWU (cockpit) press the FIRE DET TEST and then the FAIL IND
TEST buttons. Cht ;k that the appropriate Indicators illumnate.

(8) When the checks on system A have been completed satisfactorily,
disconnect the aircraft cableform from the GSE extension cable
and reconnect it seortly to the A/C PLUG on system A CCU. Dis-
connect the GSE PLUG cable (cable 1) from system A CCU.

(9) Repeat procedures (2) to (8) for system B (Part No. 53813-204).

(10) After checking and carefully reconnecting both units, carry out a
cockpit check of the CWU to ensure that the connections are satis-
factory.

N]lote. System B may be *oheoked out in isolation by oarrying out
rocedurzes (2) to (8) for system b only, bovweve data

retaiined in system A vill be lost.
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fGllUI*i WDibS R110 TEST O•ION

---------------------------
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fl-¶-0 - "-l~ ............... IUU-HEAD 1 1346
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,r ....... n .... - SELECT TEST

FFU:N4)••/W)• I -d••)U CCU 10 COmU,
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------------------------------
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'-;•-? --: -ll -. ii1114ii F-111 CONFIRMED
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5555555=5555 555&55 mINA~ WK~
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FIG. 6.2 TYPICAL GSE PRINT-OUTS 5
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CHAPTER 6

SYSTEM DESCRIPTION

The units of the system are shown in fig. 6-1, and a simple block diagram

In fig. 6-2.

1. Sensors

The sensors used are Graviner developed units which give a signal when
exposed to ultra-violet (UV) radiation at frequencies below those in
solar radiation; hence they discriminate against sunlight. Within the
operating spectrum of the sensor there is still sufficient UV radiation
from the flames.

When the sensor operates, an avalanche action occurs and the increase
in current is detected at the Computer Control Unit (CCU). The 320V
sensor supply is then switched off to allow the sensor to recover, and
then switched on again. If the UV sensor avalanches four times er
more in three successive 167ms gating periods then a fire condition is
computed.

In the dual system (system A), two sensors are mounted on each
detector head and are controlled in a time-share arrangement. A fire
condition will only be computed if both sensors avalanche four times
or more in each of three successive gating periods per side.

In certain parts of the installation two detector heads view the same
area. This is termed adjacency, and the processor checks that all
sensors covering a particular area give a similar output under fire
conditions. The heads which provide adjacency outputs are given in
Table 6-1. The outputs of both sides of a detector head and adjacent
heads are fed via an AND system to give the greatest certainty of a
fire condition. If a fault condition exists in any sensor, the output
will change to an OR system so that valid fire warnings will still be
given even when up to three of the four sensors (two system A detector
heads) covering an area fail. The approximate positions of the sensors
in the engine nacelle is shown in fig. 6-3.

TABLE 6-1

ADJACENCY

Fire Area 1 2 3

Sensor No. 1 2 3 4 5

6
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ADVANCED FIRE DETECTION SYSTEM

To ensure that the sensors are operating correctly, each has an adjacent
UV emitter which is activated every 15 secs while the equipment is oper-
ating. In system A, the side I emitters are energised simultaneously and
the processor checks the output from every side I sensor. The side 2
emitters are then energised and the processor checks every side 2 sensor.
If a sensor is found to be faulty, the processor arranges to disregard
its output when computing a fire condition.

2. Computer Control Unit (System A)

The CCU contains two microprocessor systems each with their own power
supplies. Each processor controls one sensor in every dual detector
head but each is interconnected so that the fault status of the sensors,
the processors themselves, and the associated electronics can be
verified. The power supplies are completely separate so that if one
fails half the system is still available to detect fires.

The CCU operates in a continuous series of 167ms periods, as indicated
in fig. 6-4.

A random access memory (RAN) keeps a record of all sensor 'counts'
(number of gate periods in which 4 or more avalanches took place),
sensor and processor status, etc. To retain the information when the
aircraft supplies are switched off, a rechargeable RAM refresh battery
is contained in the CCU of system B which supplies the two RAM's in
system A and the one in the system B CCU.

3. Computer Control Unit (System B)

The CCU contains a single microprocessor only. However, it will take
note of adjacency conditions (table 6-1). The same self-checking
facilities are incorporated as in system A.

4. Crew Warning Unit

The CWU has FIRE and FAULT indicators for two installations (system A,
LEFT engine and system B, RIGHT engine). In addition, it has test
buttons for both the FIRE and FAULT indicator circuits.

5. Ground Support Equipment

The GSE is connected into the aircraft system by cables. It provides
an automatic print-out of the RAM contents so that the time of a fire,
the number of fires, etc, can be quickly ascertained. The RAM also
provides a mass of other data which will be used as an aid to future
designs. The GSE is also used to give a comprehensive check-out of
the aircraft equipment. These include a CCU test, a sensor test, a
parametric test (power supplies, etc), a functional test, and finally
a data analysis. The print-out indicates when tests are satisfactory
and also identifies failures down to LRU level.

6
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CHAPTER 7

MAINTENANCE

1. Detector Heads

Each time that an engine is renoved from the aircraft, inspect and
clean all the detector heads (both sensors and emitters) n that
nacelle with metal polish.

If a sensor fault is Indicated, before replacing the appropriate
detector head, check for cleanliness. When a head has been either
cleaned or replaced, repeat the GSE check to ensure that the sensor is
operational and there is no wiring fault.

After 1000 flying hours, the detector heads should be replaced.

2. Crew Wa•rning Unit

Replace the indicator lamps in the CU periodically according to the

aircraft maintenance schedule.

3. Ground Support Equipment

If the battery test indicator does not illuminate when the button is
pressed and the GSE has just been on charge, check the battery indica-
tor.

Periodically connect one end of cable 4 to cable No. 2 socket and the
appropriate wires at the other end to 115V a.c. 3nd 28V d.c. bench
supplies. Set the POWER switch to ON and check that the appropriate
indicators illuminate.

A partial in4ioation that around Support Equipment to funational
say be obtained by pressing and releasing the start proara button

on the 0G3 front panel.

The prinAte should respond with %he moessag;
STgUPU D

1O 0S1 - CCU PATE
CRUCK CBLIt 1 or RUPLACI CCU
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